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PREFACE. 


ryi  H  I  S  volume,  like  each  of  the  five 
X  preceding  ones,  contains  an  account 
of  many  new  faffs,  with  feveral  illuftra- 
tions  of  thofe  difcovered  before  ;  but  withal 
many  new  difficulties,  fuch  as  mu  ft  excite  a 
defire  of  making  farther  progrefs  in  thefe 
inveftigations :  fo  far  are  we  from  feeing  any 
end  of  our  labours. 


This,  however,  is  a  confideration  by  no 
means  difcouraging  to  the  true  philofopher. 
On  the  contrary,  it  is  calculated  to  open  to 
him  the  moft  pleafing  of  all  profpefts,  as  it 
fhows  us  that  there  will  never  be  wanting 
proper  objects  of  thefe  inveftigations,  than 
which  nothing  can  furnifli  more  delightful 
employment  to  the  mind  of  man,  and  which 
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promife  advantages  that  will  abundantly 
compenfate  for  all  the  labour  that  we  can 
bellow  upon  them*, 

\ 

As  we  ourfelves  are  parts  of  the  great 
fyflem  of  nature ;  as  the  laws  of  nature 
comprehend,  and  continually  affedt  us  ;  and 
every  thing  that  we  do  is  putting  things  into 
fituations,  in  which  the  laws  of  nature  de¬ 
termine  the  refult ;  the  more  perfect  know¬ 
ledge  we  have  of  thofe  laws,  the  better  we 
muft  be  able  to  foretel  thofe  refults,  and 
therefore  to  chufe  what  we  wifh  to  produce. 
Confequently,  the  more  knowledge  we  have 
of  the  laws  of  nature,  the  greater  power  we 
{hall  have  over  nature,  and  the  more  com¬ 
modious  we  {hall  be  able  to  make  our  fitua- 
tion  in  the  world,  while  it  remains  conili- 
tuted  as  it  is.  And  as  we  are  at  prefent  in 
our  infancy  with  refpedt  to  the  knowledge 
of  nature,  we  may  affiire  ourfelves,  we  are 
likewife  but  in  our  infancy  with  refpedt  to 
the  power  we  may  acquire  of  guarding  our¬ 
felves  againft  the  inconveniencies,  and  fecur- 
ing  the  advantages  of  our  fituation. 
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It  is  nothing  but  a  fuperior  knowledge  of 
the  laws  of  nature,  that  gives  Europeans  the 
advantage  they  have  over  the  Hottentots,  or 
the  lowed:  of  our  fpecies.  Had  thefe  people 
never  known  Europeans,  they  could  not  have 
formed  an  idea  of  any  mode  of  life  fuperior 
to  their  own,  though  it  differs  but  little 
from  that  of  the  brutes.  In  like  manner, 
fcience  advancing,  as  it  does,  with  an 
accelerated  progrefs,  it  may  be  taken  for 
granted,  that  mankind  fbme  centuries  hence 
will  be  as  much  fuperior  to  us  in  knowledge, 
and  improvements  in  the  arts  of  life,  as  we 
now  are  to  the  Hottentots,  though  we  can¬ 
not  have  any  conception  what  that  know¬ 
ledge,  or  what  thofe  improvements,  will 
be.  It  is  enough  for  us  to  fee  that  nature  is 
inexhauftible,  that  it  is  a  rich  mine,  in 
which  we  fhall  never  dig  in  vain,  and  that 
it  is  open  to  infinitely  more  labourers  than 
are  now  employed  in  exploring  its  contents, 
or  in  digging  for  them. 

Having  been  a  pretty  fuccefsful  adventurer 
in  this  great  mine,  my  philofophical  friends 
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in  general  wonder  that  I  do  not  confine  my 
attention  to  it.  Their  difiatisfaftion  with 
me  is  fo  great,  and  I  hear  of  it  from  fo  many  , 
quarters,  that  I  think  it  right  to  take  fome 
opportunity  (and  a  better  than  the  prefent 
will  hardly  occur)  to  make  an  apology  for . 
my  conduct,  efpecially  to  thofe  of  my  friends 
by  whofe  affiftance  I  am  enabled  to  give  my 
time  to  thefe  liberal  purfuits ;  being  pleated, 
to  think  that  my  attention  to  them  will  be 
of  fome  advantage  to  fcience  and  the  public. 

i  .  «  *••*  •  *  v* 

In  the  firft  place,  I  would  obferve,  that  I 
follow  my  own  beft  judgment  in  devoting 
my  time  to  what  I  really  apprehend  to  be 
the  moft  important  purfuits,  thofe  from 
which  myfelf,  and  mankind  at  large,  will 
finally  derive  the  greateft  advantage;  and 
1  muft  be  allowed  to  lay,  that  the  greater  va¬ 
riety  of  objects  to  which  it  is  evident  that  I 
have  given  attention,  muft  qualify  me  to  be  a 
better  judge  in  this  cafe  than  thofe  who  cen- 
fure  my  conduct.  Perfons  who  have  only 
one  objedf  of  purfuit,  never  fail  to  over-rate 
it,  and  of  courfe  to  undervalue  other  things. 

k  ^ —  .. 
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I  would  farther  obferve,  that  the  attention 
I  have  given  to  theology  (which,  by  the 
way,  is  my  original  and  proper  province,  and 
for  which  I  may,  therefore,  be  allowed  to 
have  a  juftifiable  prediledtion)  does  not  en- 
grofs  fo  much  of  my  time  as  fome  perfons 
may  imagine.  I  am  particularly  complained 
of  at  prefect,  as  having  thrown  away  fo 
much  time  on  the  compofition  of  my  Hijiory 
of  the  Corruptions  of  Chrijlianity ,  and  of  the 
Opinions  concerning  Chriji .  But  1  can  allure 
them,  and  the  nature  of  the  thing,  if  they 
confder  it,  may  fatisfy  them,  that  the  time 
I  muft  neceffarily  have  bellowed  upon  the 
experiments  of  which  an  account  is  con¬ 
tained  in  this  fingle  volume,  is  much  more 
than  I  have  given  to  the  fix,  of  which  the 
above-mentioned  works  confilt,  and  to  all 
the  controverfial  pieces  that  I  have  written  in 
defence  of  the  former  of  them.  The  labour 
and  attention  neceffary  to  enable  me  to  write 
fingle  paragraphs  in  this  work,  have  been 
more  than  was  requifite  to  compofe  whole 
fedtions,  or  chapters,  of  the  former.  In 
general,  during  the  compofition  of  thofe 
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works,  the  greateft  part  of  every  day  was 
fpent  in  my  laboratory,  and  the  evenings  and 
mornings  only  in  reading  or  writing.  Be* 
fides,  thefe  different  ftudies  fo  relieve  one 
another,  that  I  believe  I  do  more  in  each  of 
them,  by  applying  to  them  alternately,  than 
1  (hould  do,  if  I  gave  my  whole  attention  to 
one  of  them  only. 

But  my  principal  defence  refts  on  the  fu- 
perior  dignity  and  importance  of  theological 
jiudies  to  any  other  whatever.  Every  rational 
being  ought  to  diftinguifh,  by  the  greater 
attention  that  he  gives  to  them,  thofe  ob¬ 
jects  which  are  of  the  greateft  importance 
to  himfelf,  and  to  mankind  at  large.  And 
certainly,  if  there  be  any  juft  rule  for  efti- 
mating  the  value  of  a  problem,  or  query, 
that  is  propofed  to  us,  we  muft  think  it  of 
infinitely  more  moment  to  difcover  whether 
there  be  a  future,  and  efpecially  an  endlefs 
life  after  this,  and  how  to  fecure  a  happy  lot 
in  that  future  life,  than  to  make  the  beft 
provision  poffible  for  ourfelves  in  this  life, 
which  is  the  ultimate  object  of  all  natural 
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philofophy.  Studies,  but  remotely  con¬ 
nected  with  that  great  objeCt,  muft  have  a 
dignity  and  importance  infinitely  fuperior  to 
any  other.  A  man  muft  never  have  thought 
a  moment  on  the  fubjeCt,  if  he  hefitate  to 
give  a  decided  preference  in  the  cafe.  To 
think  or  adt  otherwife,  would  be  like  a  man 
bufying  himfelf  about  farthings,  who  has 
large  eftates,  or  kingdoms,  depending,  and 
who  fhould  negledt  the  latter  in  order  to 
fecure  the  former. 

All  that  any  philofophical  perfon  can  pre¬ 
tend  to  fay  in  the  cafe,  muft  be,  that  the 
expectation  of  a  future  life  is  fo  manifeftly 
chimerical,  that  it  can  never  be  worth  a 
wife  man’s  while  to  lofe  a  moment  in  think¬ 
ing  about  it,  or  to  employ  his  time  in  any 
ftudy  relating  to  it.  This  I  know  to  be  the 
opinion  of  many  who  will  read  this  book, 
if  not  this  preface.  But  in  this  I  muft  take 
the  liberty  to  differ  from  them,  and  for  rea- 
fons  which  I  (hall  fubmit  to  their  ferious 
consideration. 
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Natural  phenomena,  I  agree  with  them, 
are  unfavourable  to  any  expectation  of  a  fu¬ 
ture  life,  and  the  doCtrine  of  an  immaterial 
foul,  capable  of  fubfifting  and  aCting  when 
the  body  is  in  the  grave,  on  which  the  doc¬ 
trine  of  a  future  ftate  is  generally  founded, 
I  am  as  fully  perfuaded  as  they  can  be,  is 
unauthorized  by  any  natural  appearances 
whatever.  My  expectation  of  a  future  life 
refts  on  another  foundation  ;  and,  improba¬ 
ble  as  I  acknowledge  the  doCtrine  to  be,  ac¬ 
cording  to  the  light  of  nature,  it  is  neverthelefs 
fuch  as  I  firmly  believe,  on  the  plained:  of  all 
evidence  ;  the  author  of  nature  having  given 
us  an  abfolute  affurance  of  it,  by  perfons 
authorized  to  fpeak  in  his  name,  and  whofe 
divine  million  was  proved  by  fuch  works  as 
no  other  than  the  author  of  nature  could 
have  enabled  them  to  perform. 

That  fuch  works  have  been  performed, 
and  for  this  important  purpofe,  muft,  I  ap¬ 
prehend,  be  true,  if  there  be  any  truth  in 
hiftory.  And  there  is  no  kind  of  evidence 

jt*  iC/  # 
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more  eaiily  fubjeded  to  a  rigorous  examina¬ 
tion  than  that  which  is  of  the  hiftorical 
kind,  the  maxims  of  which  we  are  every  day 
converfant  with. 

Now  it  appears  to  me,  that  we  mufi  either 
admit  the  truth  of  the  gofpel  hiftory,  which 
contains  an  account  of  the  dodlrine,  mira¬ 
cles,  death,  and  refurredion  of  Chrift  (on 
which  the  belief  of  a  future  life  depends)  or 
believe  what  is  infinitely  more  incredible, 
viz.  that  feveral  thoufand  people,  prefent  at 
the  tranfadions,  and  who  had  no  motive  to 
believe  them  without  fufficient  evidence,  but 
every  motive  to  turn  their  eyes  from  them, 
or  difbelieve  them  if  they  could,  fhould 
yet,  without  fuch  evidence,  have  given  the 
firmeft  affent  to  them,  and  have  entertained 
fo  little  doubt  of  the  extraordinary  fads,  as 
to  maintain  their  faith  in  them  at  the  hazard 
of  every  thing  dear  to  them  in  life,  and 
even  chearfully  lay  down  their  lives,  rather 
than  abandon  their  faith.  Let  philofophers, 
as  fuch,  account  for  this  great  faff,  without 
admitting  more  real  miracles,  and  thofe  of  a 
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more  extraordinary  kind,  than  the  belief  of 
chriftianity  requires  of  me,  and  I  will  re- 
linquifh  my  prefent  faith,  dear  as  it  is  to 
me,  and  join  them  in  expofing  it. 

As  philofophers,  the  queftion  between  us  is, 
whofe  faith,  ftridtly  fpeaking,  is  tnotb  agree¬ 
able  to  prefent  appearances .  Whatever  We 
may  think  of  an  author  of  nature ,  and  of  his 
attention  to  it,  we  equally  believe  in  the  uni¬ 
formity  of  the  laws  of  nature ,  and  that  man, 
whdfe  conftitution  is  a  part  of  the  fyftem  of 
nature,  was  the  fame  kind  of  being  two 
thoufand  years  ago  that  he  is  now ;  as  much 
as  that  a  horfe  of  that  age,  or  an  oak  tree  of 
that  age,  had  the  fame  properties  with  the 
horfes  and  oaks  of  the  prefent.  Corife- 
quently,  whatever  was  poffible  with  refpedt 
to  man  in  any  former  period,  is  equally  pof¬ 
fible  now. 

*•-*  •  ,4.  •  *■  /..*  %  ‘  '  -4*--  \  \ 

But  will  any  man,  who  gives  a  moment's 
attention  to  the  fubjedt,  lay  that  it  is  even 
pojfbk  that  feveral  thoufand  perfons,  in 

London  or  Paris,  could  be  made  to  believe 
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that  any  man  in  London  or  Paris,  died  and 
rofe  from  the  dead  in  their  own  life-time, 
that  they  ffiould  perfift  in  this  perfuafion 
through  life,  without  (hewing  any  fign  of 
infanity,  that  they  ffiould  gain  numerous 
profelytes  to  their  opinion,  though  it  fub- 
jedted  all  who  embraced  it  to  all  kinds  of 
perfecution,  and  even  to  death  $  and  that  the 
belief  of  it  ffiould  eftabliffi  itfelf  againft  all 
oppofition,  without  any  perfon  being  able  to 
detedt  the  impofition  ? 

Now  1  apprehend  that  this  might  take 
place  more  eafily  in  London,  or  in  Paris,  at 
this  day,  than  it  could  have  done  at  Jerufalem 
in  the  time  of  our  Saviour.  Human  nature 
could  not  have  been  the  fame  thing  then  that 
we  find  it  to  be  at  prefent,  if  mankind  could 
have  been  fo  impofed  upon.  This  I  therefore 
think  abfolutely  incredible,  and  confequent- 
ly,  as  the  lefs  difficulty  of  the  two,  as  be¬ 
lieving  a  thing  much  lefs  improbable,  I 
admit  the  truth  of  the  gofpel  hiftory,  the 
admiffion  of  which  makes  the  fubfequent 
account  of  the  propagation  of  chrillianity 
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(which  all  hiftory,  and  even  the  prefent 
ftate  of  things  proves  to  be  true)  perfectly 
eafy  and  natural.  Admitting  thefe  leading 
fads,  all  the  reft  follows  of  courfe,  and  all 
things  came  to  be  as  they  are  without  any 
farther  miracle.  But  real  miracles  we  muft 
have  fomewhere,  in  order  to  account  for  the 

«*-  **  W  ...  ^  •  ,  »  .  s 

prefent  ftate  of  things  ;  and  if  we  muft  ad¬ 
mit  miracles,  let  them  be  inch  as  have  a 
great  object ,  and  not  fuch  as  have  no  objed  at 
all,  but  only  ferve  to  puzzle  and  confound  us. 

The  hiftory  of  the  Jews,  and  the  books  of 
the  Old  Teftament,  furnifli  many  fa5lsy 
which  no  hypothefis  befides  that  of  the  di¬ 
vine  origin  of  their  religion  can  explain. 
Let  the  philofopher  only  admit  as  a  pojlu- 
latum  that  Jews  are,  and  always  were,  men , 
conftituted  as  other  men  are,  and  let  him 
not  deceive  himfelf,  by  confidering  them  as 
beings  of  another  lpecies.  All  I  wifh  in 
this  refped  is,  that  perfons  who  pretend  to 
the  charader  of  phihfophersy  would  be  fo 
throughout,  and  carry  the  fame  fpirit  into 
the  ftudy  of  hiftory,  and  of  human  nature, 
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that  they  do  into  their  laboratories ;  firft 
alluring  themfelves,  with  refpedt  to  faffs, 
and  then  explaining  thofe  fa  els  by  re¬ 
ducing  them  to  general  principles  (which, 
from  the  uniformity  of  nature,  muft  be  uni- 
verfally  true)  and  then  I  fhall  have  no 
doubt  of  their  becoming  as  firm  believers  in 
chriftianity  as  myfelf.  They  will  find  no 
other  hypothefis,  that  can  explain  fuch  ap¬ 
pearances  as  they  cannot  deny  to  be  real. 
Let  philofophers  now  fay,  whether  there  be 
reafon  in  this,  or  not. 

I  therefore  take  the  liberty,  having  been 
led  to  advance  thus  much,  to  addrefs  my 
brother  philofophers  on  a  fubjedt  equally 
interefting  to  us  as  philofophers ,  and  as  men . 
Do  not  difregard  a  queftion  of  infinite  mo¬ 
ment.  Give  it  that  degree  of  attention 
to  which  it  is  naturally  intitled ;  and 
efpecially  do  not  fo  far  abandon  the  fe- 
rious  character  of  philofophers ,  as  to  laugh 
where  you  ought  to  reafon.  At  leaf!:,  do 
this  great  fubjedt,  and  yourfelves,  the  juftice 
Vol.  III.  b  to 
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to  confider  the  falls ,  and  endeavour  to  frame 
fome  bypothefis  by  which  to  account  for 
them  j  and  do  not  decide  in  half  an  hour,  on 
an  inquiry  which  well  deferves  the  ftudy  of 
a  great  part  of  your  lives. 

If  I  have  a  ftronger  bias  than  many  other 
perfons  in  favour  of  chriftianity,  it  is  that 
which  philofophy  gives  me.  I  view  with 
rapture  the  glorious  face  of  nature,  and  I 
admire  its  wonderful  conftitution,  the  laws 
of  which  are  daily  unfolding  themfelves  to 
our  view.  It  is  but  little  that  the  life  of 
man  permits  us  to  fee  at  prefent,  and  there¬ 
fore  I  feel  a  moil  eager  defire  to  renew  my 
acquaintance  with  it  hereafter,  and  to  re¬ 
fume  thofe  inquiries  with  which  I  am  fo 
much  delighted  now,  and  which  muft  be 
interrupted  by  death. 

Could  I  imagine  that  the  knowledge  of 
nature  would  ever  be  exhaufted,  and  that 
we  were  approaching  to  a  termination  of  our 
inquiries,  I  could  more  contentedly  fhut  my 
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eyes  on  a  fcene  in  which  nothing  more  was 
to  be  feen,  or  done.  But  to  quit  the  ftage  at 
prefent  (and  I  believe  the  afpedr  of  things 
will  be  exadtly  fimilar  in  any  future  period 
of  our  exiftence)  without  the  hope  of  re-vifit- 
ing  it,  would  fill  me  with  the  deepeit  regret. 
The  general  who,  like  Bpaminondas,  or 
Wolfe,  dies  in  the  arms  of  vi&ory,  dies  with 
fatisfadtion ;  but  not  fo  he  that  is  cut  off  in 
the  beginning  of  a  doubtful,  though  pro- 
railing  engagement.  Thus  I  feel  on  the 
idea  of  ceafing  to  breathe  when  I  have 
but  juft  begun  to  know  what  it  is  that 
I  breathe. 

M.  Herschell’s  late  difcoveries  in,  and 
beyond,  the  bounds  of  the  folar  fyftem,  the 
great  views  that  he  has  given  us  of  the  ar¬ 
rangement  of  the  ftars,  their  revolutions,  and 
thofe  of  the  immenfe  fyftem s  into  which 
they  are  formed,  are  peculiarly  calculated  to 
infpire  an  ardent  defire  of  feeing  fo  great  a 
fcene  a  little  more  unfolded.  Such  difco¬ 
veries  as  thefe,  give  us  a  higher  idea  of  the 
value  of  our  being,  by  railing  our  ideas  of  the 
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fyftem  of  which  we  are  a  part,  and,'  with 
this,  an  earned:  wifh  for  the  continuance 
of  it. 

Befides,  civil  fociety  is  but  in  its  infancy, 
the  world  itfelf  is  but  very  imperfedtly 
known  to  the  civilized  inhabitants  of  it,  and 
we  are  but  little  acquainted  with  the  real 
value  of  thofe  few  of  its  productions  of 
which  we  have  fome  knowledge,  and  which 
we  are  only  beginning  to  name,  and  to  ar¬ 
range.  How  muft  a  citizen  of  the  world 
with  to  know  the  future  progrefs  of  it. 

To  have  no  with  of  this  kind  certainly 
argues  a  low,  an  ignoble,  and  I  will  fay,  an 
unphilofophical  mind.  I  confider  all  fuch 
perfons,  how  fuperior  foever  they  may  be  to 
myfelf  in  other  refpedts,  with  pity  and  con¬ 
cern.  They  would  have  unfpeakably  more 
fatisfadtion  in  their  philofophical  purfuits, 
if  they  carried  them  on  with  the  views  of 
things  that  I  have.  It  has  been  juftly  ob- 
ferved,  that  great  views  indicate,  and  indeed 
conftitute,  great  minds.  What  elevation  of 
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mind,  then,  would  the  profpedts  of  the 
chriftian,  add  to  thofe  of  the  philofopher*. 

With  men  of  refledlion  this  apology  for 
my  condudt  will,  I  doubt  not,  be  admitted 
as  fatisfadlory  ;  and  till  I  hear  better  reafons 
than  have  yet  been  offered  to  me  for  change 
ing  my  conduct,  I  fhall  continue  to  give  my 
attention  to  my  different  purfuits,  according 
to  my  own  ideas  of  their  refpedive  im- 

*  If  any  of  my  philofophical  friends  fhould  be  induced, 
by  what  I  have  here  urged,  to  look  into  my  theological 
writings ,  I  would  take  the  liberty  to  recommend  to  them 
my  Letters  to  a  Philofophical  Unbeliever ,  the  Injlitutes  of 
natural  and  revealed  Religion ,  and  the  Hijlory  of  the  Cor¬ 
ruptions  of  Chrijlianity ,  efpecially  the  Conclufion ,  part  I, 
relating  to  Mr.  Gibbon,  who  has  declined  engaging  in 
the  difeuffion  I  there  propofed  to  him.  If  they  wifii  to 
fee  more  particularly  in  what  manner  chriftianity  came  to 
be  encumbered  with  the  do6trine  of  the  trinity ,  which  has 
been  the  foundation  of  one  of  the  greateft  objections  to  it, 
I  would  further  refer  them  to  my  ILiJiory  of  early  opinions 
concerning  Chrifl ,  where  they  will  fee  it  traced  to  its  pro¬ 
per  fource  in  the  Platonic  philofophy,  and  where  it  is 
proved  that  the  primitive  chriftian  church  was  unqueftion- 
ably  Unitarian. 
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portance ;  and  my  friends  have  no  reafon  to 
fear  that  I  (hall  neglect  philofopky .  It  has, 
perhaps,  but  too  ffcrong  charms  for  me.  I 
lhall  endeavour,  however,  to  keep  it  in  its 
proper  place,  and  not  fo  much  attach  my- 
felf  to  the  fcudy  of  the  laws  which  govern 
this  world,  as  to  lofe  fight  of  the  fubferviency 
.of  this  world,  and  of  all  things  in  it,  to 
another  and  a  better ;  in  which  I  hope  to  re¬ 
fume  thefe  pleafing  philofophical  purfuits, 
and  to  fee,  in  a  comprehenfive  view,  thofe 
detached  difcoveries  which  we  are  now 
making  here. 

At  prefent  all  our  fyjlems  are  in  a  remark¬ 
able  manner  unhinged  by  the  difcovery  of  a 
multiplicity  of  faffs,  to  which  it  appears 
difficult,  or  impoffible,  to  adjuft  them.  We 
need  not,  however,  give  ourfelves  much 
concern  on  this  account.  For  when  a  fuf- 
ficient  number  of  new  fadts  ffiall  be  difco- 
vered  (towards  which  even  imperfedt  hypo- 
thefes  will  contribute)  a  more  general  theory 
will  foon  prefent  itfelf ,  and  perhaps  to 

the 
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the  moft  incurious  and  leaft  fagacious  eye. 
Thus,  when  able  navigators  have,  with  great 
labour  and  judgment,  fleered  towards  an  un- 
difcovered  country,  a  common  failcr,  placed 
at  the  maft  head,  may  happen  to  get  the 
firft  fight  of  the  land.  Let  us  not,  however, 
contend  about  merit ,  but  let  us  all  be  in¬ 
tent  on  forwarding  the  common  enterprise  i 
and  equally  enjoy  any  progrefs  we  may  make 
towards  fucceeding  in  it ;  and  above  all, 
let  us  acknowledge  the  guidance  of  that 
Great  Being,  who  has  put  a  Jpirit  in  many  and 
whofe  infpiration  glveth  him  imderftanding , 


In  this  volume  I  have  continued  to  exprefs 
the  degree  of  purity  in  air  as  in  the  former  ^ 
faying,  for  inftance,  that  air  is  of  the  ftandard 
of  1.2  or  1.4,  when  one  meafure  of  the  air 
to  be  examined,  and  one  of  nitrous  air,  pre- 
fently  after  being  mixed  together,  occupy 
the  foace  of  one  meafure,  and  two,  or  four- 
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tenths  of  a  meafure.  But  if  the  air  be  called 
dephlogijlicated ,  it  is  always  to  be  under- 
ftood  that  two  equal  meafures  of  nitrous  air 
were  ufed.  The  weights  mentioned  in  this 
volume  are  ounces  and  grains ,  the  ounces 
being  Engliffi  troy  weight,  containing  480 
grains.  I  have  dropped  the  ufe  of  the 
fenny -weight  ( dwt ,)  which  is  twenty-four 

confequence  of  finding  that  it  occafioned 
fome  difficulty  to  foreigners. 
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An  explanation  of  the  Figures  in  the  plate  prefixed  to 

this  volume . 

Fig.  I.  is  a  view  of  the  apparatus  with  which 
the  principal  experiments  relating  to  the  feem- 
ing  convention  of  water  into  air  were  made.  It 
conflfts  of  an  earthen  vejfel,  the  bulb  of  which,  con¬ 
taining  moiftened  clay,  is  fixed  in  the  infide  of  a 
glafs  vejfel ,  through  which  the  heat  of  a  burning 
lens  may  be  thrown  upon  it ;  while  the  infide  has 
a  communication  with  a  bafon  of  water,  or  mer¬ 
cury,  in  which  veffels  may  be  placed  to  receive 
the  air  that  is  forced  through  the  body  of  the 
earthen  veflel ;  while  the  water,  or  mercury,  in  the 
bafon  in  which  the  glafs  veflel  ftands,  rifes  within 
it,  to  fupply  the  place  of  that  air. 

Fig.  II.  Shews  the  difpofltion  of  the  apparatus 
by  which  fleam  is  tranfmitted  through  a  red-hot 
tube,  containing  iron,  &c.  with  a  worm  tub  to  col¬ 
led  the  fuperfluous  water,  &c.  and  a  veflel  to 
receive  the  air  that  is  produced.  This  veflel  is 
here  drawn  very  fmall,  that  it  might  not  take  up 
much  room  in  the  plate ;  but  I  have  generally 
ufed  a  large  trough  for  this  purpofe,  and  jars  of 
conflderable  flze  to  receive  the  air.  Inftead  of 

3  the 


* 


xx  vi  An  Explanation ,  &c. 

the  fmall  furnace  to  heat  the  water,  &c.  I  now 
life  one  of  Mr.  Argand's  lamps ,  which  is,  on  fede¬ 
ral  accounts  a  very  valuable  addition  to  a  che¬ 
mical  apparatus.  Fig.  VI.  reprefents  the  method 
of  receiving  the  air  in  this  procefs  under  a  funnel, 
fixed  in  a  trough  of  water,  which  may  be  ufed 
when  large  balloons  are  filled,  and  when  no  ac¬ 
count  is  taken  of  any  water  that  is  condenfed 
in  the  procefs. 

Fig.  III.  reprefents  the  contrivance,  men¬ 
tioned  page  135,  by  means  of  which  all  the  air 
that  was  driven  out  of  a  veflel,  by  pouring 
mercury  into  it,  was  obliged  to  pafs  through  a 
thin  glafs  vefiel,  in  which  it  might  depofit  the 
moifture,  &c.  it  contained. 

Fig.  IV.  reprefents  a  large  glafs  balloon,  in 
which  inflammable  air,  iffuing  from  the  orifice 
of  a  fmall  tube,  burns  like  a  candle,  while  the 
water  produced  by  the  procefs  is  colle&ed  in  the 
infide  of  it. 

Fig.  V.  reprefents  a  flrong  cylindrical  glafs 
veffel,  in  which  inflammable  and  dephlogifti- 
cated  air  may  be  fired.  It  is  furnifhed  with  a 
wooden  cap,  firmly  cemented  to  the  open  end  of 
it,  and  clofed  with  a  fcrew,  and  two  iron  wires 
are  inferted  at  the  top  of  it,  between  which  an 
ele&ric  fpark  can  be  taken. 
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SECTION  I. 
Experiments  relating  to  Fblogiflon* • 

^TpHERE  are  few  fubjedls,  perhaps 
i  none,  that  have  occafioned  more  per¬ 
plexity  to  chemifls,  than  that  of  phlogifton , 
or,  as  it  is  fome times  called,  the  principle  of 
inflammability .  It  was  the  great  difcovery  of 
stahl,  that  this  principle,  whatever  it  be, 
is  transferable  from  one  fubftance  to  another, 
how  different  foever  in  their  other  properties, 
fuchas  fulphur,  wood,  and  all  the  metals,  and 
therefore  is  the  fame  thing  in  them  all.  But 

*  This  fe&ion  is  copied  from  the  Philofophical  Tranfac- 
tions,  vol.  Ixxiii.  p.  399,  with  the  addition  of  fome  notes. 

Vol.IIL  B  what 
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what  has  given  an  air  of  my  fiery  to  this 
fubjedt,  has  been  that  it  was  imagined,  that 
tb  is  principle,  or  fubflance,  could  not  be 
exhibited  except  in  combination  with  other 
fubflances,  and  could  not  be  made  to  affume 
feparately  either  a  fluid  or  folid  form.  It 
was  alfo  afferted  by  fome,  that  phlogifton 
was  fo  far  from  adding  to  the  weight  of  bo¬ 
dies,  that  the  addition  of  it  made  them 
really  lighter  than  they  were  before ;  on 
which  account  they  chofe  to  call  it  the 
principle  of  levity .  This  opinion  had  great 
patrons. 

Of  late  it  has  been  the  opinion  of  many 
celebrated  chemifts,  Mr.  Lavoisier  among 
others,  that  the  whole  dodtrine  of  phlogifton 
had  been  founded  on  miflake,  and  that  in  all 
cafes  in  which  it  was  thought  that  bodies 
parted  with  the  principle  of  phlogifton, 
they  in  fadt  loft  nothing,  but  on  the  contrary 
acquired  fomething  ;  and  in  moil  cafes  an 
addition  of  fome  kind  of  air  ;  that  a  metal , 
for  inftance,  was  not  a  combination  of  two 
things,  viz.  an  earth  and  phlogijlon ,  but  was 
probably  a  Ample  fubflance  in  its  metallic 
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ftate  ;  and  that  the  calx  is  produced  not  by 
the  lofs  of  phlogifton,  or  of  any  thing  elfe, 
but  by  the  acquifition  of  air. 

The  arguments  in  favour  of  this  opinion, 
efpecially  thofe  which  are  drawn  from  the 
experiments  that  Mr.  Lavoisier  made  on 
mercury,  are  fo  fpecious,  that  I  own  I  was 
myfelf  much  inclined  to  adopt  it.  My 
friend  Mr.  Kxrwan,  indeed,  always  held 
that  phlogifton  was  the  fame  thing  with  in¬ 
flammable  air ;  and  he  has  fufficiently  proved 
this  from  many  experiments  and  obferva- 
tions,  my  own,  as  well  as  thofe  of  others. 
I  did  not,  however,  accede  to  it  till  I  difco- 
vered  it  by  diredl  experiments,  made  with 
general  and  indeterminate  views,  in  order 
to  afcertain  fomething  concerning  a  fub- 
je<ft  which  had  given  myfelf  and  others  fo 
much  trouble. 

I  began  with  repeating  the  experiments  in 
which  I  had  found  that  inflammable  air, 
made  red-hot  in  flint  glafs  tubes,  gave  them 
a  black  tinge,  and  was  in  a  great  meafure 
abforbed,  which  I  had  difcovered  to  be 
owing  to  the  calx  of  lead  in  the  glafs,  at- 
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trading  phlogifton  from  the  inflammable 
air.  As  the  quantity  of  air  in  thefe  tubes 
was  very  fmall,  though  I  gave  it  as  my  opi¬ 
nion,  that  the  reliduum  in  one  of  the  oro- 

± 

ceifes,  was  phlogiflicated  air,  becaufe  I  per¬ 
ceived  no  marks  of  accenfion  on  prefen  ting 
to  it  the  flame  of  a  fmall  candle  ;  I  was  not, 
on  recollection,  fatisfled  with  this  conclu- 
flon,  and  was  defirous  of  repeating  the  expe¬ 
riment  with  more  care,  efpecially  as,  in  'one 
of  the  above-mentioned  experiments,  I  found 
only  a  very  fmall  bubble  of  the  inflammable 
air  in  the  tube  in  which  it  had  been  heated. 

I  found,  however,  great  difficulty  in  re¬ 
peating  thefe  experiments ;  and  the  quantity 
of  inflammable  air  operated  upon  in  them, 
is  neceflarily  fo  fmall,  that  the  refult  is  al¬ 
ways  liable  to  much  uncertainty.  I  thought, 
therefore,  that  throwing  the  focus  of  a  burn¬ 
ing  lens  upon  a  quantity  of  pounded  flint 
glafs,  furrounded  with  inflammable  air,  or 
rather  on  the  calx  of  lead  alone,  in  the  fame 
circumftances,  would  be  a  much  eafler  ex¬ 
periment,  and  might  bring  me  nearer  to  my 
objed  5  and  on  making  the  experiment  it 


i 
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Immediately  anfwered  far  beyond  my  ex¬ 
pectation. 

For  this  purpofe,  I  put  upon  a  piece  of  a 
broken  crucible  (which  could  yield  no  air) 
a  quantity  of  minium,  out  of  which  all  air 
had  been  extracted ;  and  placing  it  upon  a 
convenient  hand,  introduced  it  into  a  large 
receiver,  filled  with  inflammable  air,  con¬ 
fined  by  water.  As  foon  as  the  minium  was 
dry,  by  means  of  the  heat  thrown  upon  it,  I 
obferved  that  it  became  black,  and  then  ran 
in  the  form  of  perfeCt  lead,  at  the  fame  time 
that  the  air  diminifhed  at  a  great  rate,  the 
water  afcending  within  the  receiver.  I  viewed 
this  procefs  with  the  mofl  eager  and  plea  ling 
expectation  of  the  refult,  having  at  that 
time  no  fixed  opinion  on  the  fubjeCt ;  and 
therefore  I  could  not  tell,  except  by  aCtual 
trial,  whether  the  air  was  decompofing  in  the 
procefs,  fo  that  fome  other  kind  of  air  would 
be  left,  or  whether  it  would  be  abforbed  m 
toto .  The  former  I  thought  the  more  pro¬ 
bable,  as,  if  there  was  any  fitch  thing  as 
phlogifion,  inflammable  air,  I  imagined,  con- 
fifled  of  it,  and  fomething  elfe.  However, 
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I  was  then  fatisfied  that  it  would  be  in  my 
power  to  determine,  in  a  very  fatisfadtory 
manner,  whether  the  phlogifton  in  inflam¬ 
mable  air  had  any  bafe  or  not,  and  if  it  had, 
what  that  bafe  was.  For  feeing  the  metal  to 
be  actually  revived,  and  that  in  a  confiderable 
quantity,  at  the  fame  time  that  the  air  was 
diminifhed,  I  could  not  doubt,  but  that  the 
calx  was  actually  imbibing  fomething  from 
the  air ;  and  from  its  effects  in  making  the 
calx  into  metal,  it  could  be  no  other  than 
that  to  which  chemifts  had  unanimoufly 
given  the  name  of  phlogifton. 

Before  this  firft  experiment  was  concluded, 
I  perceived,  that  if  the  phlogifton  in  inflam¬ 
mable  air  had  any  bafe,  it  muft  be  very  in- 
confiderable  :  for  the  procefs  went  on  till 
there  was  no  more  room  to  operate  without 
endangering  the  receiver ;  and  examining, 
with  much  anxiety,  the  air  that  remained,  I 
iound  that  it  could  not  be  diftinguifhed  from 
that  in  which  I  began  the  experiment,  which 
was  air  extracted  from  iron  by  oil  of  vitriol. 
I  was,  therefore,  pretty  well  fatisfied  that 
this  inflammable  air  could  not  contain  any 

thing 
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thing  befides  phlogifton  ;  for  at  that  time 
I  reduced  about  45  ounce  meafures  of  the 
air  to  five. 

In  order  to  afcertain  a  fad:  of  fo  much  im¬ 
portance  with  the  greateft  care,  I  afterwards 
carefully  expelled  from  a  quantity  of  minium 
all  the  phlogifton,  and  every  thing  die  that 
could  have  aflumed  the  form  of  air,  by  giving 
it  a  red  heat  when  mixed  with  fpirit  of  nitre; 
and  immediately  ufing  it  in  the  manner  men¬ 
tioned  above,  I  reduced  101  ounce  meafures 
of  inflammable  air  to  two.  To  judge  of  its 
degree  of  inflammability,  I  prefented  the 
flame  of  a  fmall  candle  to  the  mouth  of  a 
phial  filled  with  it,  and  obferved,  that  it  made 
thirteen  feparate  explofions,  though  weak 
ones  ( flopping  the  mouth  of  the  phial  with 
my  finger  after  each  exploiion)  when  freih 
made  inflammable  air,  in  the  fame  cir- 
cumftances,  made  only  fourteen  explofions, 
though  ftronger  ones. 

After  this  experiment  I  could  not  hefitate 
to  conclude*',  that  this  inflammable  air  went 

*  In  this  conclufion,  I  overlooked  one  obvious  confi- 
deration,  viz.  that  water,  or  any  thing  foluble  in  water, 
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totally,  and  without  decompofition,  into  the 
lead  which  I  formed  at  that  time ;  and  if  the 
neceffary  circumftatices  of  the  experiment  be 
confidered,  it  will  be  thought  extraordinary 
that,  even  admitting  this,  the  refult  fhould 
be  fo  decinvely  clear  in  favour  of  it  :  for,  in 
the  firft  place,  the  greatcft  care  muft  be  ufed 
to  expel  all  air  from  the  minium,  and  it  muft 
be  ufed  before  it  can  have  attradfed  any  from 
the  atmofphere ;  and  in  the  next  place,  the 
water  alfo  (a  confiderable  quantity  of  which 
muft  be  ufed,  and  which  will  alfo  be  heated 
in  the  procefs)  Ihould  be  made  as  free  from 
air  as  poffible.  In  thefe  circumftances,  had 
I  found  the  fmall  refiduum,  of  two  ounce 
meafures  from  i  o  i ,  to  have  been  phlogifti- 
cated  or  fixed  air,  I  fhould  not  have  been  dif- 
appcinted  ;  and  it  would  not  have  prevented 
my  concluding  that  phlogiflon  was  the  fame 
thing  with  inflammable  air ,  contained  in  a 

might  be  the  bafts  of  inflammable  air.  All  that  could  be 
abiolutely  inferred  from  the  experiment  was,  that  this 
bafts  could  not  be  any  thing  that  was  capable  of  fubfiiting 
in  the  form  of  air.  It  will  be  feen,  that  I  afterwards 
made  the  experiment  with  the  air  confined  by  mercury. 
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combined  ftate  in  metals,  juft  as  fixed  air  is 
contained  in  chalk  and  other  calcareous  fub~ 
ftances ;  both  being  equally  capable  of  being 
expelled  again  in  the  form  of  air. 

Afterwards  uftiig  a  calx  of  lead,  which  had 
been  prepared  in  the  fame  manner  with  the 
former,  but  which  had  remained  fome  weeks 


expofed  to  the  air,  I  found,  that  when  by 
uling  it  I  had  reduced  1  50  ounce  meafures  of 
inflammable  air  to  10,  this  refiduum  was 
phlogifticated  air.  But  examining  this  calx 
feparately,  I  found  that  it  gave,  by  heat  in  a 
glafs  veffel,  a  considerable  quantity  of  phlo¬ 
gifticated  air. 

I  muft  obferve,  that  the  minium  fhould 
not  be  reduced  to  a  perfectly  compact  glafs  of 
lead ;  for  then  it  would  be  too  refradory  to 
be  eafily  revived  -by  this  procefs.  Making 
ufe  of  fome  of  it,  I  found  that  i  could  only 
melt  it ;  but  that  a  copious  black  fume  came 

from  it,  and  coated  the  infide  of  the  receiver : 

•.  -  •>  • 

an  experiment  which  I  fhall  repeat  and  re¬ 
consider.  I  muft  alfo  obferve,  that  the  lead 

4  -  v.  •••'« 

which  I  procured  in  the  above-mentioned 
procefs  was  not  to  be  diftinguifhed  from  arty 
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other  lead,  and  that  the  inflammable  air  was 
all  procured  from  iron  by  oil  of  vitriol. 

When  I  made  ufe  of  inflammable  air  from 
wood,  I  found,  that  though  I  was  able  to  re¬ 
duce  minium  with  it,  it  was  effedled  with 
more  time  and  difficulty.  Forty  ounce  mea- 
fures  of  this  kind  of  inflammable  air  I  re¬ 
duced  to  25  ;  after  which  I  found  that  the 
heat  of  the  lens  produced  only  glafs  of  leady 
and  no  metal .  The  air  was  Hill,  however, 
inflammable  ;  and  there  was  a  fmall  mixture 
of  fixed  air  in  it.  This  kind  of  inflamma¬ 
ble  air,  which  burns  with  a  lambent  flame, 
I  have  fome  reafon  to  think,  confifts  of  an 
intimate  union  of  fixed  air  with  that  which  is 
of  the  explojive  kind  extracted  from  metals. 
The  refuit  of  thofe  experiments  which  I  made 
with,  that  kind  of  inflammable  air  wdiich  is 
collected  in  the  procefs  for  making  phofpho- 
rus,  and  which  burns  with  a  lambent  yellow 
flame,  was  fimilar  to  thofe  which  I  made  with 
inflammable  air  from  wood,  which  burns 
with  a  lambent  white  flame. 

Having  had  this  remarkable  refuit  with 
inflammable  air,  I  immediately  tried  all  the 

other 
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other  kinds  of  air  in  the  fame  manner  ;  but 
in  none  of  them  did  I  procure  any  thing 
from  the  minium  befides  glafs  of  lead,  except 
in  alkaline  air,  and  vitriolic  acid  air.  In 
fixed  air,  nitrous  air,  phlogifticated  air,  ma¬ 
rine  acid  air,  fluor  acid  air,  as  alfo  in  com¬ 
mon  and  dephlogifticated  air,  I  got  no  metal 
at  all.  In  vitriolic  acid  air  there  was  but  a 
fmall  quantity  of  lead  produced,  and  I  have 
obferved  that  this  kind  of  air  imparts  a  certain 
portion  of  phlogifton  to  common  air,  render¬ 
ing  it  in  fome  meafure  phlogifticated,  though 
by  no  means  in  fo  great  a  degree  as  nitrous  air. 

Though  nitrous  air  and  phlogifticated 
air  certainly  contain  phlogifton,  they  ap¬ 
pear  by  thefe  experiments  to  hold  it  too  ob- 
ftinately  to  part  with  it  to  minium  in  this 
procefs,  notwithftanding  nitrous  air  quits 
it  fo  readily  to  refpftable  air.  I  would  ob~ 
ferve,  that  there  were  fome  peculiar  appear¬ 
ances  in  the  experiments  I  made  to  revive 
the  calx  of  lead  in  thefe  kinds  of  air  in 
which  the  attempt  did  not  fucceed ;  but  I 
mull  repeat  the  experiments,  and  note  the 

appear- 
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appearances  more  accurately,  before  I  re¬ 
port  them. 

In  alkaline  air  lead  feems  to  be  formed 
from  the  minium  as  readily  as  in  inflam¬ 
mable  air,  and  indeed  I  thought  rather  more 
fo  ;  and  this  is  a  remarkable  confirmation 
and  iliuftration  of  thofe  experiments,  in 
which,  by  taking  the  eledtric  fpark  in  a 
quantity  of  alkaline  air,  I  converted  it  into 
three  times  as  much  pure  inflammable  air; 
an  experiment  which,  on  account  of  the  ex¬ 
traordinary  nature  of  it,  I  have  repeated 
many  times  fince  I  firft  published  the  account 
of  it,  and  always  with  the  fame  refult. 

This  experiment  alfo  throws  fome  light 
upon  thofe  in  which,  by  fuper-phlogifticat- 
ing  iron  with  nitrous  air,  I  produced  a 
ftrong  fmell  of  volatile  alkali ;  an  experi¬ 
ment ‘which  I  have  alfo  frequently  repeated 
with  the  fame  refult.  The  reviving  of  lead 
in  alkaline  air  may  alfo  help  us  to  conceive 
how  all  acids  fliould  have  an  affinity  both  to 
pblogijion  and  to  alkalies ,  which  have  hither¬ 
to  appeared  to  be  things  fo  very  different 

from. 
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from  each  other;  fince,  from  thefe  experi¬ 
ments,  it  is  probable  that  one  of  them  is 
fome  modification  of  the  other,  or  a  com¬ 
bination  of  fomething  elfe  with  the  other. 
To  trace  the  connexion  between  the  alka¬ 
line  and  inflammable  principles,  is  a  curious 
fubjedt ;  and  from  thefe  hints  it  may,  per¬ 
haps,  not  be  very  difficult  to  profecute  it  to 
advantage.  It  is  evident,  however,  from  the 
following  experiments,  that  alkaline  air  is 
the  compound,  and  inflammable  air,  or 
phlogifton,  the  more  Ample  fubftance  of 
the  two. 

From  5!  ounce  meafures  of  alkaline  air 
I  got,  by  means  of  litharge,  17  grains  of 
lead,  befides  fome  that  was  diffolved  in  the 
mercury,  by  which  the  air  was  confined. 
There  remained  2f  ounce  meafures,  which 
appeared  to  be  phlogifticated  air,  and  to  have 
no  fixed  air  in  it.  At  another  time,  in  eight 
ounce  meafures  of  alkaline  air  I  got  15  grains 
of  lead,  befides  what  was  diffolved  in  the 
mercury,  which  feemed  to  be  a  good  deal  in 
proportion  to  it.  It  was  obfervable,  that 
there  remained  in  this  procefs  3  \  ounce  mea¬ 
fures 
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fures  of  phlogifticated  air,  without  any  mix-* 
lure  of  fixed  air  in  it,  though  the  mafficot 
which  I  ufed  at  this  time  gave  by  heat  only 
a  good  deal  of  pretty  pure  fixed  air.  Thefe 
experiments  with  alkaline  air  well  deferve  to 
be  refumed,  and  I  fhall  not  fail  to  do  it  at  a 
proper  opportunity. 

Having  thus  produced  lead  in  inflamma¬ 
ble  air,  I  proceeded  in  my  attempts  to  re¬ 
vive  other  metals  from  their  calces  by  the 
fame  means  ;  and  I  fucceeded  very  well  with 
tin,  bifmuth,  and  filver ;  tolerably  well  with 
copper,  iron,  and  regulus  of  cobalt ;  but  not 
at  all  with  regulus  of  antimony,  regulus  of 
arfenic,  zinc,  or  the  metal  of  manganefe. 

I  was  defirous  alfo  of  afcertaining  by  this 
means  the  quantity  of  phlogifton  that  enters 
into  the  compofition  of  the  feveral  metals  ; 
but  in  this  I  found  more  difficulty  than  I 
had  expe&ed  ;  and  this  arofe  chiefly  from  the 
allowance  that  was  to  be  made  for  the  in¬ 
flammable  air  which  entered  into  that  part 
of  the  calx  which  was  only  partially  revived; 
and  it  was  not  eafy  to  revive  the  whole  of 
any  quantity  of  calx  completely. 


After 
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After  many  trials,  I  think  I  may  venture 
to  fay,  that  an  ounce  of  lead  abforbs  ioo 
ounce  meafures  of  inflammable  air,  or  per¬ 
haps  fomething  more;  for  in  one  refult  it 
feemed  to  have  imbibed  in  the  proportion  of 
i oS  ounce  meafures. 

An  ounce  of  tin  abforbs  inflammable  air 
in  the  proportion  of  377  ounce  meafures  to  the 
ounce.  An  ounce  of  copper  from  verditer 
abforbed  403  ounce  meafures  ;  from  a  folu- 
tion  of  blue  vitriol,  precipitated  by  fait  of 
tartar,  and  afterwards  made  red-hot  with  fpirit 
of  nitre,  640  ;  but  from  blue  vitriol  itfelf 
909  ounce  meafures.  In  this  cafe,  however, 
much  of  the  inflammable  air  went  to  the 
formation  of  the  vitriolic  acid  air,  the  fmell 
of  which  was  very  perceivable  in  the  courfe 
of  the  experiment.  The  copper  that  I  made 
in  this  way  was  brittle,  and  therefore  feemed 
not  to  be  perfectly  metalized ;  but  being 
fuzed  with  borax,  it  became  perfedt  cop¬ 
per,  and,  as  I  think,  without  any  lofs  of 
weight. 

Bifmuth  abforbed  inflammable  air  in  the  pro¬ 
portion  of  185  ounce  meafures  to  the  ounce. 

m  '  The 
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The  calx  I  ufed  was  a  precipitate  from  the 
folution  of  this  metal  in  fpirit  of  nitre. 

Iron  I  got  from  a  precipitate  of  a  folution 
of  green  vitriol  by  fait  of  tartar,  moiftened 
with  fpirit  of  nitre,  and  expofed  to  a  red 
heat.  This  calx  ab  for  bed  in  the  proportion 
of  890  ounce  meafures  of  the  inflammable 
air  to  an  ounce  of  iron,  which  was  in  the 
form  of  a  black  powder;  but  to  all  ap¬ 
pearance  as  much  attracted  by  the  magnet 
as  iron  filings.  But  it  could  not  be  ex¬ 
pected,  that  perfect  iron,  containing  its  full 
proportion  of  phlogifton,  fhould  be  produced 
in  this  manner,  flnce  inflammable  air  may 
be  expelled  from  perfect  iron  in  this  very 
procefs  *. 

Silver  I  evidently  revived  from  a  folution 
of  it  in  fpirit  of  nitre  precipitated  by  fait  of 
of  tartar,  and  alfo  from  luna  cor72ea.  A 
quantity  of  this  laft  fubflance  abforbed  23 
ounce  meafures  of  inflammable  air;  but  I 

.  •* 

*  I  have  fince  found  that  inflammable  air  cannot  be 

expelled  from  iron  by  heat,  without  fome  moifture,  which 
therefore  feerns  neccflary  to  its  conftitution. 


could 
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could  not  get  any  calx  of  iilver  free  from 
fmall  grains  of  the  perfect  metal,  which  was 
eafily  difcovered  by  a  magnifier,  and  there¬ 
fore  I  could  not  afcertain  the  quantity  of  in¬ 
flammable  air  abforbed  by  it. 

Small  grains  of  regulus  of  cobalt  I  pro¬ 
duced  from  zaffre,  and  inflammable  air 
was  abforbed  ;  but  I  did  not  eftimate  the 
quantity. 

A  quantity  of  manganefe  abforbed  7  ounce 
meafures  of  inflammable  air ;  but  I  could 
not  perceive  any  thing  in  it  which  had  the 
appearance  of  metal.  But  I  imagined  I  had 
not  heat  enough  for  the  purpofe,  and  mixing 
with  it  fome  calcined  borax,  1  repeated  the 
experiment,  when  there  was  again  an  evident 
abforption  of  air,  and  in  the  courfe  of  that 
experiment,  I  once  thought  that  I  did  per¬ 
ceive  a  fmall  globule  of  metal. 

Zinc  and  arfenic  were  only  fublimed  in 
this  procefs.  The  fame  was  the  cafe  with 
the  glafs  of  antimony ;  but  the  experiment 
was  attended  with  this  peculiar  circum- 
ftance,  that  when  the  glafs  was  melted  in  in¬ 
flammable  air,  it  formed  itfelf  into  needle- 
Voi  .  III.  C  like 
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like  crystals  arranged  in  a  very  curious  man¬ 
ner  ;  and  I  could  not  produce  that  appearance 
x  in  other  kinds  of  air. 

Inflammable  air  being  clearly  imbibed  by 
the  calces  of  metals,  and  thereby  reviving 
them,  is  a  fufficient  proof  of  its  containing 
what  has  been  called  phlogifton ;  and  its 
being  abforbed  by  them  in  toto ,  without  de¬ 
composition,  is  a  proof  of  its  being  nothing 
befides  phlogifton  m  the  form  of  air ,  unlefs 
there  Should  be  Something  Solid  depofited 
from  it  at  the  fame  time  that  the  proper 
phlogistic  part  of  it  is  abforbed.  With 
re  Sped  to  this,  i  can  only  fay  that,  in  the 
courfe  of  the  experiments,  I  did  not  perceive 
any  thing  of  the  kind  :  for  though  in  Some 
of  the  precedes  there  was  a  black  fmoke  pro¬ 
duced,  in  others  I  could  perceive  nothing  but 
part  of  the  calx  Subliming,  and  clouding  the 
glafs.  On  this  account,  however,  I  could 
not  pretend  to  afcertairi  the  weight  of  the  in¬ 
flammable  air  in  the  calx,  fo  as  to  prove  that 
it  had  acquired  an  addition  of  weight  by  be¬ 
ing  metalized,  which  I  often  attempted. 
But  were  it  poiflble  to  procure  a  perfed  calx. 
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no  part  of  which  fhould  be  fublimed  and 
difperfed,  by  the  heat  neceflary  to  be  made 
ufe  of  in  the  procefs,  I  fhouid  not  doubt  but 
that  the  quantity  of  inflammable  air  imbibed 
by  it  would  fufficiently  add  to  its  weight. 

Befldes  the  formation  of  metals  from  their 
calces,  I  had  other  proofs,  and  of  a  nature 
fufficiently  curious,  of  inflammable  air  con-  ‘ 
taining  phlogifton,  though  perhaps  not  fuf¬ 
ficiently  conclufive  with  refpedt  to  its  being 
wholly  and  Amply  phlogifton  itfelf.  Thus, 
by  means  of  it,  I  was  able  to  make  phojpho - 
rus ,  nitrous  air ,  liver  of  fulphur ,  and  fulphur 
itfelf,  in  all  of  which  phlogifton  is  acknow¬ 
ledged  to  be  a  principal  ingredient. 

Throwing  the  focus  of  the  lens  upon  a 
quantity  of  that  glafiy  matter  which  is  made 
from  calcined  bones  by  oil  of  vitriol  in  in¬ 
flammable  air,  fome  of  it  was  abforbed,  and 
all  the  infide  of  the  receiver  was  covered  with 
an  orange-coloured  fubftance,  which  had  a 
ftrong  fmell  of  phofphorus.  I  then  wanted 
fun-ffiine  to  continue  the  experiment  j  but 
I  was  fatisfied  that  there  was  fufficient  proof 
of  phofphorus  being  adtually  formed  in  this 

C  2  manner. 
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manner.  With  alkaline  air  I  fucceeded 
much  better. 

In  2  \  ounce  meafures  of  this  air,  I  produced, 
from  the  glafiy  matter  mentioned  above,  two 
grains  of  phofphorus  in  one  mafs,  the  veflel 
being  only  filled  with  white  fumes  during 

f 

the  procefs.  One-fourth  of  the  bulk  of  the 
air  remained,  and  this  was  inflammable, 
burning  with  a  yellow  lambent  flame,  exactly 
like  that  which  is  produced  in  the  procefs 
for  making  phofphorus. 

That  nitrous  air  contains  phlogifton  is  fuf- 
ficiently  evident,  if  there  be  any  fuch  thing 
as  phlogifton :  and  I  have  farther  proved, 
that  it  contains  as  much  phlogifton,  in  pro¬ 
portion  to  its  bulk,  as  inflammable  air  itfelf. 
I  have  now,  however,  the  farther  fatisfadlion 
to  be  able  to  make  nitrous  air  from  its  two 
conftituent  principles,  viz .  nitrous  vapour 
and  inflammable  air.  The  moft  eafy  pro¬ 
cefs  for  this  purpofe  is,  to  throw  a  ftream  of 
nitrous  vapour  into  a  large  phial  previoufly 
filled  with  inflammable  air.  In  this  manner  ni¬ 
trous  air  is  inftantly  formed,  and  in  great  quan¬ 
tities  ;  but  as  this  nitrous  vapour  is  produced 

3  by 


21 


to  Vhlogift  on. 

by  the  rapid  folution  of  bifmuth  in  fpirit  of 
nitre,  which  at  the  fame  time  produces  a 
quantity  of  nitrous  air,  the  experiment  is 
not  quite  unexceptionable.  I  therefore  at¬ 
tempted  the  fame  thing  in  the  following 
manner.  f 

Taking  a  quantity  of  what  I  have  called 
a  nitrated  calx  of  lead,  which  I  firft  produced 
by  uniting  nitrous  vapour  to  minium  (in 
confequence  of  which,  from  being  a  red  and 
powdery  fubftance,  it  becomes  white,  corn- 
pad,  and  brittle)  I  placed  it  upon  a  ftand, 
in  a  receiver  filled  with  inflammable  air,  and 
throwing  the  focus  of  the  lens  upon  it,  there 
was  a  diminution  of  the  inflammable  air, 
which  amounted  to  about  two- thirds  of  the 
whole,  and  during  this  time  lead  was  re¬ 
vived  from  the  calx.  After  this  there  was 
no  more  diminution  of  the  air,  or  revival  of 
the  calx :  and  then  examining  what  remained 
of  the  air,  I  found  it  to  be  all  ftrongly  ni¬ 
trous  :  and,  from  the  circumftances  in  which 
it  was  produced,  it  muft  have  been  formed 
from  the  nitrous  vapour  contained  in  the 
calx,  and  the  inflammable  air  in  the  receiver. 
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In  order  to  afcertain  the  purity  of  this  nitrous 
air,  I  mixed  it  with  an  equal  quantity  of 
common  air,  and  found  that  they  occupied 
the  fpace  of  1,32  mealures.  Frefh  nitrous 
air  made  in  the  ufual  way,  and  mixed  with 
common  air  in  the  fame  proportion,  occupied 
the  fpace  of  1,26,  This  difference  arofe  not 
from  any  impurity  in  the  nitrous  air,  but 
from  the  mixture  of  the  dephlogifticated  air, 
which  is  alfo  expelled  from  this  calx  by  heat. 

Liver  of  fulphur  was  procured  by  throw¬ 
ing  the  focus  of  the  lens  upon  vitriolated 
tartar  in  inflammable  air,  and  it  appeared  to 
be  perfectly  well  formed. 

Laftly,  to  produce  fulphur,  1  threw  the 
focus  of  the  lens  on  a  quantity  of  oil  of  vi¬ 
triol,  contained  in  an  hollow  earthen  veffel, 
and  evaporated  it  to  drynefs  in  a  receiver 
filled  with  inflammable  air;  in  confequence  of 
which  the  infide  of  the  receiver  acquired  a 
whitifh  incruftation,  which  when  warmed 
had  a  ftrong  fmell  of  fulphur ;  and  repeating 
the  procefs  in  the  fame  receiver,  I  was  able, 
this  fecond  time,  to  fcrape  off  enough  of  the 
matter  to  put  on  a  piece  of  hot  iron,  and  to 

produce 
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produce  the  genuine  blue  flame,  as  well  as 
the  peculiar  fmell  of  fulphur. 

I  fhall  conclude  thefe  obfervations  on  phlo- 
giflon  with  two  articles  ;  cne  of  which  feems 
to  contradict  an  eftablifhed  maxim  among 
chemifts  ;  and  the  other  a  former  opinion  of 
my  own. 

It  is  generally  laid,  that  charcoal  is  in- 
defcruCtible,  except  by  a  red  heat  in  contaCt 
with  air.  But  I  find  that  it  is  perfectly  de- 
ftruCtible,  or  decompofed,  in  vacuo ,  and  by 
the  heat  of  a  burningjens  almoft  wdiolly  con¬ 
verted  into  inflammable  air ;  fo  that  no¬ 
thing  remains  befides  an  exceedingly  fmall 
quantity  of  white  afhes,  which  are  feldom 
vifible,  except  when,  in  very  fmall  particles, 
they  happen  to  crofs  the  fun-beam,  as  they 
fly  about  within  the  receiver.  It  would  be 
impoflible  to  colledt  or  weigh  them  ;  but, 
according  to  appearance,  the  allies  thus  pro¬ 
duced  from  many  pounds  of  wood,  could  not 
be  fuppofed  to  weigh  a  grain.  The  great 
weight  of  afhes  produced  by  burning  wood 
in  the  open  air,  arifes  from  what  is  attracted 
by  them  from  the  air.  The  air  which  I  get 
in  this  manner  is  wholly  inflammable,  witli- 
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out  the  leaft  particle  of  fixed  air  in  it.  But, 
in  order  to  this,  the  charcoal  muft  be  per¬ 
fectly  well  made,  or  with  fuch  a  heat  as 
would  expel  all  the  fixed  air  which  the  wood 
contains ;  and  it  muft  be  continued  till  it 
yield  inflammable  air  only,  which,  in  an 
earthen  retort,  is  foon  produced. 

Wood,  or  charcoal,  is  even  perfectly  de- 
ilruCtible,  that  is,  refolvable  into  inflamma¬ 
ble  air,  in  a  good  earthen  retort,  and  a  fire 
that  would  about  melt  iron.  In  thefe  cir- 
cumftances,  after  all  the  fixed  air  had  come 
over,  I  have  feveral  times  continued  the  pro- 
cefs  during  a  whole  day,  in  all  which  time 
inflammable  air  has  been  produced  equably, 
and  without  any  appearance  of  a  termination. 
Nor  did  I  wonder  at  this,  after  feeing  it 
wholly  vanifh  into  inflammable  air  in  vacuo . 
A  quantity  of  charcoal  made  from  oak,  and 
weighing  about  an  ounce,  generally  gave  me 
about  five  ounce  meafures  of  inflammable 
air  in  twelve  minutes*. 

^Notwith  Handing  thefe  fads ,  it  will  appear  from  my 
fubfequent  experiments,  that  water  was  neceffary  to  the 
the  formation  of  this  inflammable  air  from  wood  as  well  as 
of  that  from  iron* 
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The  fecond  article  that  I  fhall  now  men¬ 
tion,  affords  an  indifpn table  proof  of  the  ge¬ 
neration  of  fixed  air  from  dephlogifticated 
air  and  phlogifton,  or  inflammable  air.  I 
have  feveral  times  given  it  as  my  opinion, 
that  fixed  air  is  a  factitious  fubjiance ,  and  a 
modification  of  the  nitrous  and  vitriolic 
acids,  my  former  experiments  greatly  favour¬ 
ing  that  conclufion  ;  but  that  it  was  com- 
pofed  of  dephlogifticated  air  and  phlogifton, 
though  maintained  by  my  friend  Mr.  Kir- 
wan,  I  was  far  from  being  fatisfied  with, 
till  I  was  forced  to  confent  to  his  proof  of 
it  from  my  own  former  experiments,  and 
gave  him  leave  to  mention  it,  as  he  has  done 
in  his  late  excellent  paper  on  falts.  But  I 
have  lately  had  two  diredt  proofs  of  it  by  ex¬ 
periment. 

The  firfi:  was  when,  in  repeating  a  beauti¬ 
ful  experiment,  firfi  made  by  Dr.  Ingen- 
housz,  but  with  fome  variation,  I  was  firing 
fome  fhavings  of  iron  in  dephlogifticated  air 
confined  by  mercury,  by  means  of  a  burning 
lens.  In  this  way  I  quickly  fired  the  iron, 
and  it  burned  away  in  a  very  pleafing  man¬ 
ner. 
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ner.  But  what  ftruck  me  moil  was,  that, 
of  the  air  that  remained,  a  confiderable  por¬ 
tion  was  fixed  air,  though  in  the  receiver  I 
had  nothing  but  the  purefi:  dephlogifticated 
air,  together  with  the  iron,  which  could  only- 
give  inflammable  air.  I  would  obferve,  that 
the  melted  iron  formed  itfelf  into  large  balls, 
which  appeared  to  be  a  mere  flag  or  giafls*, 
and  was  no  longer  iron. 

Afterwards,  to  put  this  hypothefis  con¬ 
cerning  the  conftituent  principles  of  fixed  air 
to  a  more  direct  proof,  I  mixed  iron  filings, 
which  give  only  inflammable  air,  with  red 
precipitate,  which  I  found  to  give  nothing 
but  the  pureft  dephlogifticated  air ;  and  when 
I  heated  them  in  a  coated  glafs  retort,  they 
gave  a  great  quantity  of  fixed  air,  in  fome 
portions  of  which,  nineteen-twentieths  were 
abforbed  by  lime-water;  but  the  refiduum  was 
inflammable.  However,  when  I  mixed  with 
the  red  precipitate  a  quantity  of  powdered 

*  The  nature  of  what  is  here  called  flag  or  glafi,  will 
appear  in  the  fubfequent  experiments;  being  the  fame  that 
is  called  feales  of  iron ,  and  alfo  finery  cinder ,  or  the  calx 
of  iron  combined  with  water. 
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charcoal,  which  I  had  found  to  give  only  in¬ 
flammable  air,  the  fixed  air  produced  from  it 
was  fo  pure,  that  only  one-fortieth  part  of  it 
remained  unabforbed  by  water ;  fo  that  this 
fixed  air  was  as  pure  as  that  which  is  gene¬ 
rally  procured  from  chalk  by  oil  of  vitriol. 

It  appeared,  in  fome  of  thefe  experiments, 
that  three  ounce  meafures  of  dephlogifticated 
air  go  into  the  compofition  of  two  ounce 
meafures  of  fixed  air.  For  one  ounce  of  this 
red  precipitate  gave  60  ounce  meafures  of 
dephlogifticated  air ;  and  when  mixed  with 
two  ounces  of  iron  filings,  it  gave  about  40 
ounce  meafures  of  fixed  air  that  were  actually 
abforbed  by  water,  befides  a  refiduum  that 
was  inflammable^.  I  had  the  fame  propor¬ 
tion  when  I  ufed  half  an  ounce  of  each  of  the 
materials.  But  when  I  ufed  one  ounce  of 
each,  I  got  only  20  ounce  meafures  of  fixed 
air,  including  the  refiduum.  At  other  times 

*  It  muft  be  obferved,  however,  that  part  of  the  fixed 
air  is  always  imbibed  by  the  water  in  which  it  is  firft  re¬ 
ceived.  Otherwife,  in  this  experiment,  the  fixed  air  would 
have  weighed  no  more  than  the  dephlogifticated  air  in  the 
compofition  of  it,  fo  that  nothing  would  be  left  for  the  in¬ 
flammable  air. 
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I  had  different  proportions  with  different 
quantities  of  iron  filings  and  charcoal. 

I  cannot  conclude  thefe  obfervations  with¬ 
out  taking  notice,  how  very  valuable  an  in- 
ftrument  in  philofophy  is  a  good  burning 
lens.  This  mull  have  been  perceived  in 
many  of  my  former  experiments,  but  more 
efpecially  in  thefe.  By  no  other  means  can 
heat  be  given  to  fubftances  in  vacuo,  or  in 
any  other  kind  of  air  befides  atmofpherical ; 
and  without  fome  method  of  doing  this,  no 
fuch  experiments  as  thefe  can  poffibly  be 
made.  I  therefore  congratulate  all  the  lovers 

i 

of  fcience  on  the  fuccefsful  attempt  of  Mr. 
Parker  to  execute  fo  capital  an  inftrument 
as  he  has  done  of  this  kind.  Such  fpirited 
and  generous  exertions  refled:  honour  on 
himfelf,  and  on  our  country.  It  is  only  to 
be  wifhed,  that  we  could  have  lenfes  of  a 
fmaller  fize  (viz*  from  12  to  18  inches  dia¬ 
meter)  made  tolerably  cheap,  fo  that  they 
might  be  in  more  common  ufe.  All  my 
experiments  were  made  with  one  of  1 2  inches 
in  diameter. 

SEC- 
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SECTION  II. 

Experiments  relating  to  the  feeming  Converjion 
of  Water  into  Air 

SINCE  many  perfons  have  expreffed  a 
wifh  to  be  acquainted  with  the  experi¬ 
ments  I  have  lately  made,  which  at  firfl 
feemed  to  favour  the  idea  of  a  converjion  of 
water  into  air ,  but  which  terminated  in  the 
difcovery  of  a  fad:,  in  my  opinion,  ftill  more 
extraordinary,  I  (hall  fubmit  to  the  Royal 
Society  the  refult  of  the  obfervations  I  have 
already  made;  though,  as  yet,  I  have  by  no 
means  been  able  to  fatisfy  myfelf  fo  fully  as 
I  could  wifh  with  refpedt  to  fome  particu¬ 
lars  connected  with  the  fubjedt.  All  the 
faffs  which  I  fhall  Rate  may  be  depended 
upon  ;  but  it  is  probable,  that  different  per- 

*  This  fedtion  is  taken  from  the  Philofophical  Tranfac- 
tions,  vol,  lxxiii.  p.  414. 
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Ions  may  draw  different  conclujions  from 
them  ;  and  to  mere  opinions ,  I  have  never 
fhewed  myfelf  much  attached. 

Having  formerly  obferved  feveral  remark¬ 
able  changes  in  fluid  fubftances,  in  confe- 
quence  of  long  expofure  to  heat  in  glafs 
veffels  hermetically  fealed  (of  which  an  ac¬ 
count  may  be  feen  in  the  fourth  volume  of  my 
Fhilofophical  Obfervations)  I  then  formed 
a  defign  of  expofmg  all  kinds  of  folid  fub¬ 
ftances  to  great  heats,  in  a  limilar  ftate  of 
confinement ;  and  for  that  purpofe  provided 
myfelf  with  a  caft-iron  veffel,  which  I  could 
clofe  at  one  end,  like  a  digefter,  and  of  fuch 
a  length,  that  one  of  the  ends  might  be  red- 
hot,  while  the  other  was  fufficiently  cool  to 
be  handled.  To  this  end  there  was  a  cock 
connected  to  a  tube,  by  means  of  which  I 
could  let  off  fleam,  or  air,  in  any  period  of 
the  procefs. 

I  imagined,  that  when  fubftances,  confift- 
ing  of  parts  fo  volatile  as  to  fly  off  before 
they  had  attained  any  confiderable  degree  of 
heat,  in  the  ufual  preffure  of  the  atmofphere, 
were  compelled  to  bear  great  heats  under  a 

greater 
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greater  preffure,  they  might  affume  new 
forms,  and  undergo  remarkable  changes,  fimi- 
lar  to  what  we  may  fuppofe  to  be  the  cafe 
within  the  bowels  of  the  earth,  where,  by 
means  of  fubterraneous  fires,  various  fub- 
ftances  bear  great  heats  under  very  great 
prefifures. 

I  have  had  this  inftrument  fome  years  ; 
but  it  was  fo  ill  conftruCted,  that  I  could  not 
make  the  ufe  of  it  that  I  had  originally  in¬ 
tended.  I  therefore  lately  fitted  up  fome 
gun-barrels  in  the  fame  manner,  and  made 
my  firft  experiment  with  lime- Hone  expect¬ 
ing,  that  when  the  fixed  air,  and  other  vola¬ 
tile  matters,  that  might  be  contained  in  it, 
fhouldbe  compelled  to  bear  a  red-heat,  with¬ 
out  a  poflibility  of  making  their  efcape,  the 
fubftance  itfelf  might  undergo  fome  change  : 
but  I  had  no  particular  expectation  concern¬ 
ing  the  nature  of  that  change.  I  had,  how¬ 
ever,  been  fo  often  favoured  with  valuable 
refults,  from  merely  putting  things  into  new 
lituations,  that  I  was  encouraged  to  make  the 
experiment  3  but  I  found  an  unexpected  dif¬ 
ficulty  in  getting  a  cock  that  would  be  air¬ 
tight 
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tight  and  fleam- tight,  under  fo  great  a  pref- 
fure  as  I  wifhed  to  apply. 

I  was  mentioning  thefe  ideas  to  Mr. 
Watt,  in  whofe  neighbourhood  I  have  the 
happinefs  to  be  fi  tuated,  when  he  mentioned 
a  fimilar  idea  of  his,  viz.  that  of  the  poffibi- 
lity  of  the  converfion  of  water,  or  fleam,  into 
permanent  air ;  faying,  that  fome  appear¬ 
ances  in  the  working  of  his  fire-engine  had 
led  him  to  expedt  this.  He  thought  that  if 
fleam  could  be  made  red-hot,  fo  that  all  its 
latent  heat  fhould  be  converted  into  fenfible 
heat,  either  this  or  fome  other  change  would 
probably  take  place  in  its  conflitution.  The 
idea  was  new  to  me,  and  led  me  to  attend 
more  particularly  to  my  former  projedts  of  a 
fimilar  nature,  and  I  began  with  lime-flone, 
wifhing  to  try  the  effedt  of  giving  a  red-heat 
to  lime,  in  which  water  only  fhould  be  pre- 
vioufly  combined,  thinking  it  might  poffibly 
have  the  fame  effedt  with  making  the  water 
itfelf  red-hot. 

Accordingly,  I  took  a  quantity  of  well  cal¬ 
cined  lime,  and  mixing  with  it  a  little  water, 
out  of  which  all  air  had  been  carefully  boiled, 

I  expofed 
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I  expofed  it  gradually  to  a  ftrong  heat  in  an 
earthen  retort,  fiich  as  I  had  been  ufually 
fupplied  with  by  Mr.  Wedgwood  (who  is 
as  much  diftinguifhed  by  his  love  and  gene- 
rous  encouragement  of  fcience,  as  he  is  by 
his  improvements  in  his  own  curious  art) 
not  imagining  that  it  could  make  any  dif- 
ference  whether  the  lime,  fo  prepared,  fhould 
receive  its  heat  in  an  earthen  retort,  or  in  a 
veflel  of  iron  or  glafs.  Proceeding,  however, 
in  this. manner,  I  found  that  nothing  came 
over  in  the  form  of  ft  earn,  but  that  there  w7as 
a  great  quantity  of  air ,  feveral  hundred  times 
more  than  the  bulk  of  the  water,  and  at  that 
time  there  was  in  it  a  confiderable  proportion 
of  fixed  air,  which  I  imagined  might  either 
be  that  which  had  not  been  fufficiently  ex¬ 
pelled  before,  or  might  be  compofed  of  fome 
phlogiftic  matter  contained  in  the  lime,  and 
the  purer  air  that  was  yielded  by  the  water. 
For  I  own  I  then  concluded,  that  the  air 
which  I  got  (and  which,  when  the  fixed  air 
was  extra  died  from  it,  whs  fuch  as  a  candle 
would  juft  burn  in)  came  from  the  water,  efpe- 
cially  as  in  fome  of  the  precedes,  the  weight 
Vol.  III.  D  ~of 
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of  the  air  I  caught  was  very  nearly,  if  not 
quite  equal  to  that  of  the  water,  and  inter- 
pofing  a  large  glafs  balloon  between  the  re¬ 
tort  and  the  recipient  for  the  air,  I  obferved 
that  it  remained  perfectly  cool  and  dry  during 
the  whole  procefs ;  and  feveral  hours  after-, 
wards  there  was  not  the  leaf:  moifrure  con- 
denfed  in  it.  1  alfo  received  a  quantity  of 
another  produce  of  air,  made  in  this  manner 
in  mercury,  and  having  viewed  it  with  the 
greateft  attention,  obferved  that,  after  feveral 
days,  it  never  depofited  the  leaft  moifture. 

I  then  calcined  a  quantity  of  natural  lime- 
ftone,  with  this  glafs  balloon  interpofed  in 
the  fame  manner,  and  found  no  water,  but 
only  air  to  come  from  it,  though  the  ftone  is 
generally  fuppofed  to  contain  water.  But 
when  I  ufed  much  more  than  half  an  ounce 
of  waiter  to  the  quantity  of  whiting  or  lime 
ibove-mentioned,  I  always  had  fome  water 
come  over,  though  very  little  in  proportion 
to  the  quantity  made  ufe  of. 

I  did  not  fail  to  examine  whether  there  had 
been  any  lofs  in  the  weight  of  the  lime,  or 
whiting,  in  order  to  determine  whether  any 
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part  of  thefe  folid  fubftances  had  entered  into 
the  compofition  of  the  air  3  but  I  found  much 
difficulty  in  weighing  them  with  exa&nefs, 
after  Shaking  them  out  of  an  earthen  retort, 
into  which  I  could  not  fee,  and  to  which 

'  r  <  1 

part  of  thefe  earthy  matters  often  adhered, 
fo  that  I  could  not  obtain  much  fatisfaClion 
even  when  I  broke  the  retort.  Befides, 
there  was  always  feme  lofs  of  the  earth  in 
the  cloudinefs  of  the  air,  whenever  the  pro¬ 
duction  of  it  was  rapid.  In  a  future  procefs 
I  had  abundant  proof  that  the  air  did  not 
come  from  any  earthy  matter  with  which 
the  water  had  been  combined. 

Hitherto  I  had  no  idea  but  that  all  that 
was  neceffary  to  the  conversion,  as  I  con¬ 
cluded  it  to  be,  of  water  into  air,  was  to 
give  it  a  red  heat,  without  which  it  would 
not  quit  the  calcareous  earth  5  and  I  ima¬ 
gined  that  by  this  means  the  matter,  or  prin¬ 
ciple,  of  heat  was  fo  intimately  combined 
with  it,  as  not  to  be  feparated  from  it  by 
cooling,  as  in  the  cafe  of  fleam.  But  I,  as 
well  as  all  my  friends,  was  a  long  time  ut¬ 
terly  di (concerted  upon  finding  that  when  I 
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put  the  whiting  and  water  into  a  coated  glafs 
retort,  the  water  came  over  in  the  form  of 
fteam,  and  little  or  no  air  was  produced. 
The  reful t  was  alfo  the  fame  when  I  made 

■  s  1  •  \  i  *  i  1  *  .  <  I'Y  iA  C i*t  \  »  o  *■«  4-  ■ 

the  procefs  in  a  gun-barrel,  in  a  porcelain 
retort,  or  even  in  an  earthen  retort  glazed  in 

o 

the  inlide. 

That  the  earth  had  not  loft  its  property  of 
doing  its  part  in  the  bufinefs,  I  found  by 
putting  more  water  to  the  fame  whiting 
which  had  failed  in  the  glafs  retort,  and 
which  had  been  ufed  no  lefs  than  four  times 
before,  and  then  heating  it  in  an  earthen  re- 
tort  ;  when  again  it  gave  air  only,  and  no 
water,  the  fame  as  before.  And  at  this 
time  I  obferved,  that  part  of  the  air  was 
hardly  to  be  diftinguifhed  from  that  of  the 
atmofphere. 

I  cannot  exprefs.my  furprife  at  my  unex- 
peCted  failure  with  the  glafs  retort ;  and  my 
fpeculations  on  the  fubjeft  were  various,  but 
at  that  time  altogether  ineffectual.  Among 
other  things  it  occurred  to  me  that,  poftibly, 
iome  phlogifton,  either  contained  in  the 
earthen  retort,  or  coming  through  it  (though 

I  could 


Converjion  of  Water  into  Air .  37 

I  could  not  tell  how,  or  on  what  principle) 

from  the  fire,  might  be  necefiary  to  water, 

» 

and  all  other  fubftances  afiuming  the  form  of 
air.  But  when,  with  this  idea,  I  put  ffirit 
of  wine,  oil,  or  iron-filings  to  the  lime,  I  got 
nothing  from  thefe  mixtures  in  glafs  retorts 
befides  fleam  and  inflammable  air,  from  the 
decompofition  of  thefe  fubftances  containing 
ph'logifton . 

That  there  was  nothing  in  the  materials 
of  which  the  earthen  retort  was  made,  that 
necefiarily  produced  the  air,  was  evident  from 
my  not  fucceeding  when  I  pounded  a  broken 
retort,  and  heated  it,  mixed  with  water,  in 
one  of  glafs. 

Being  fatisfied  that  th$  production  of  air 
depended  very  much  upon  the  retort  itfelf,  I 
thought  of  uiing  the  retort  only  with  water, 
but  without  any  lime,  or  earthy  fubftance ; 
and  I  found  it  fucceed  far  beyond  my  expec¬ 
tation.  For  when  I  put  a  frnall  quantity  of 
water  into  one  of  thefe  retorts,  and  endea¬ 
voured  to  diftil  it  gently,  I  never  failed  to 
procure  about  an  hundred  ounce  meafures  of 
air ;  and  this  I  could  do  as  often  as  I  pleafed, 
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with  the  fame  retort,  and  without  its  lofing 
any  weight ;  and  the  air  produced  in  this 
manner  never  had  any  portion  of  fixed  air  in 
it,  and  was  always  but  very  little  inferior  to 
that  of  the  atmofphere. 

In  all  thefe  proceifes  I  obferved,  that  very 
little  of  this  air  was  procured  till  all  the  wa¬ 
ter  that  could  be  poured  out  of  the  retort 
was  evaporated,  for  the  difference  in  the  pro¬ 
duce  was  very  little,  whether  I  expofed  the 
retort  to  the  fire  quite  full  of  water,  or  with 
only  about  an  ounce  meafure  of  water  in  it, 
or  even  after  letting  it  remain  full  fora  fhort 
time,  and  then  pouring  out  all  that  I  could 
from  it ;  fo  that  it  was  only  that  water 
which  was  entangled,  as  it  were,  in  the  pores 
of  the  retort,  and  which  had  been  in  fome 
meafure  united  to  the  fubftance  of  it,  that 
had  contributed  to  this  production  of  air. 

Thefe  retorts  (which  Mr.  Wedgwood 
informs  me  are  made  of  a  mixture  of  frefh  and 
of  burnt  Devonfhire  pipe  clay)  are  pervious  to 
water,  though  not  to  air;  fo  that  while  the  air 
is  produced  from  that  water  which  has  en¬ 
tered  the  pores,  the  reft  is  fometimes  vifibly 

making 
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making  its  efcape  in  the  form  of  a  copious 
fmoke  on  the  outfide.  It  was  evidently  im- 
pofiible,  however,  and  contrary  to  all  the 
laws  of  hydroftatics,  that  air  fhould  enter  by 
the  fame  pores  by  which  the  water  or  fleam 
was  efcaping,  and  at  the  fame  time  that  its 
endeavour  to  force  its  way  out  of  the  retort 
was  fuch  that  it  overcame  a  conliderable 
reilflance  from  the  column  of  water,  at  the 
mouth  of  my  recipients.  Air  might  have 
efcaped  through  any  unobferved  pores  in  the 
retort,  but  none  could  have  entered  that 
way  :  and  if  there  was  the  leaf!  fenfible  crack 
in  any  part  of  the  retort,  I  was  never  able 
to  collect  any  air  at  all*. 

But  the  following  experiments  may,  per¬ 
haps,  fliew  that  it  is  fufficient  for  the  pro¬ 
duction  of  air  that  fleam  come  into  contaCl 
with  clay  fufficientiy  heated.  Between  a 
copper  frill  and  the  glafs  tube  communi¬ 
cating  with  my  recipient  for  air,  I  introduced 
the  flem  of  a  tobacco-pipe ;  and  by  means 

*  It  will  appear,  however,  that  the  air  muff  have  entered 
by  the  pores,  but  by  means  of  a  power  very  different  from 
that  of  prejfure,  and  able  to  counteract  it. 
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of  a  final  1  furnace,  I  kept  about  three  inches 
of  the  middle  part  of  it  moderately  red-hot. 
In  this  ftate,  making  the  water  boil,  I  uni¬ 
formly  received  air,  though  mixed  with 
fteam,  at  the  rate  of  five  ounce  mea'iures  in 
twelve  minutes  for  more  than  an  hour  ;  but 
when  I  let  the  pipe  cool,  nothing  but  fteam 
was  delivered  by  it  without  any  air  at  all. 
There  was  no  fixed  air  in  this  produce,  and 
it  was  all  fuch  as  a  candle  would  hardly 
have  burned  it.  It  might,  I  thought,  have 
been  better,  and  alfo  more  in  quantity, 
if  I  had  not  ufed  the  ftem  of  a  foul  pipe. 
But  when  I  ufed  a  clean  pipe  in  the  fame 
manner,  I  did  not  find  the  air  much,  if  at 
all,  improved.  Sufpedting  this  to  ariie  from 
the  near  contadl  of  the  fuel,  I  inclofed  the 
tobacco-pipe  in  an  earthen  tube,  and  then  I 
had  air  as  good  as  I  had  generally  got  in  the 
earthen  retort,  and  not  much  worfe  than  that 
of  the  atmofphere. 

<:  Another  circumftance  I  cbferved  was,  that 
it  the  outfide  of  the  veftel  which  contained 

v|v»  •’*  .  - 

the  water  or  fteam,  through  which  it  paffed, 
when  the  requifite  heat  was  applied  to  it. 
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was  not  dry,  or  perhaps  furrounded  with 
<xood  air  (for  in  thofe  circumftances  the  fol- 
lowing  experiment  differs  from,  the  preceding 
ones)  the  experiment  did  not  fixeceed. 

When  I  put  the  ball  of  an  earthen  retort, 
filled  with  moift  clay,  into  an  iron  digefter, 
and  applied  heat  to  it,  I  got  only  a  very 
little  fixed  air  (which  was  probably  com- 
pofed  of  a  fmall  quantity  of  air  beginning  to 
be  produced  from  the  materials)  and  inflam¬ 
mable  air  from  the  veffel.  All  that  came 
over  befides  was  fteam,  and  at  laft  inflam¬ 
mable  air  from  the  veffel  itfelf. 

Being  now  able  to  procure  air  by  means 
of  water,  in  this  moft  Ample  method,  viz. 
by  water  only  in  the  earthen  retort,  I  had  an 
opportunity  of  afcertaining,  with  great  eafe 
and  exaCtnefs,  feveral  circumftances  relat¬ 
ing  to  the  procefs,  and  of  obviating,  as  I 
thought,  fome  objections  to  the  conclufion 
that  I  had  drawn  from  it.  Among  other 
things,  I  fully  fatisfied  myfelf  that  the  earth 
of  the  retort  contributed  nothing  at  all  to 
this  production  of  air,  but  the  water  only : 
for  having  ufed  the  fame  retort  till  I  had 
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got  from  it  nearly  an  ounce  weight  of  air, 
or  800  ounce  meafures,  I  found  that  it  had 
not  loft  fo  much  as  a  fingle  grain  in  weight. 
After  the  firft  procefs  it  weighed  juft  three 
grains  more  than  it  did  at  firft,  and  it  conti¬ 
nued  to  weigh  the  fame  till  after  the  laft 
procefs.  This  fmall  addition  of  weight 
might  eafily  have  come  from  a  little  of  the 
water  having  been  imbibed  by  the  neck  of 
the  retort,  where  the  heat  of  the  fire  could 
not  reach  it.  When  all  the  proceffes  were 
over,  I  kept  the  whole  retort  in  a  red  heat 
for  feveral  hours,  and  then  found  that,  be- 


fides  lofing  thofe  three  grains,  it  weighed 
eight  grains  lefs  than  it  did  at  firft. 

Before  this  I  had  found,  that  the  calcined 
whiting  which  1  had  ufed  in  the  firft  experi¬ 
ment  could  not,  as  fome  had  fuppofed,  attract 
from  the  atmofphere,  any  confiderable  part 
of  the  air  which  I  got  from  it,  after  com¬ 
bining  waiter  with  it :  for  two  ounces  of  the 
whiting  (which  wras  the  quantity  that  I 
generally  made  ufe  of)  did  not  attradl  more 
than  eight  grains  of  any  thing  when  it  was 

expofed  a*  whole  day  in  an  open  di£h,  though 
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it  had  loft  more  than  half  its  weight  in  cal¬ 
cination. 

It  has  been  imagined  by  fome,  that  the 
air  which  I  got  in  thefe  earthen  retorts  was 
that  which  had  been  attracted  from  the  at- 
mofphere  by  the  infide  furface  of  them. 
But,  beiides  that  no  air  could  ever  be  pro¬ 
duced  without  water,  to  obviate  this  objection 
more  particularly,  when  one  of  thefe  retorts 
was  giving  its  laft  portion  of  air,  I  immerfed 
the  mouth  of  it  in  a  bafon  of  water ;  and 
letting  it  cool  in  that  fituation,  filled  it  again 
without  admitting  any  accefs  of  air  to  the 
infide ;  and  yet,  on  repeating  the  procefs 
with  it,  the  air  was  produced  juft  as  freely 
as  before.  This  operation  I  repeated  feveral 
times.  If  it  be  faid,  that  the  outfide  of  the 
retort  attracted  the  air,  ftill  the  infide,  being 
compofed  of  the  fame  materials,  rnuft  have 
attracted  air  alfo ;  and  it  would  have  ap¬ 
peared  by  the  afcent  of  the  water  from  the 
bafon,  the  retort  being  fufficiently  imper¬ 
vious  to  air. 

By  fome  it  was  imagined,  that  either  the 
air  itfelf  that  I  procured,  or  at  leaft  the 
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power  of  the  retort  to  contribute  to  the  pro¬ 
duction  of  it,  was  owing  to  fomething  that 
was  tranfmitted  from  the  burning  coals,  but 
which  could  not  pafs  through  glafs  or  me¬ 
tals.  To  determine  this,  I  took  an  earthen 
tube,  of  the  fame  compofition  with  the  re¬ 
tort,  and  putting  a  little  water  in  it,  placed 
it,  furrounded  with  fand,  in  a  glafs  veil  el, 
and  this  again,  furrounded  alfo  with  fand, 
in  an  iron  one ;  and  yet  the  heat  tranfmitted 
through  all  thefe  fubftances,  enabled  the 
earthen  tube  to  give  air,  in  the  fame  propor¬ 
tion,  and  of  the  fame  quality,  as  it  would  have 
done  if  it  had  been  expofed  to  the  naked  fire. 

Having  now  procured  air,  by  means  of 
water,  in  a  very  fimple,  and  as  I  thought, 
an  unexceptionable  manner,  I  wifhed  to 
make  it  in  greater  quantities,  in  proportion 
to  the  water  employed ;  and  for  this  purpofe 
I  firft  thought5  of  increafing  the  fize,  or  the 
thicknefs  of  the  porous  retorts :  but  I  thought 
it  might  anfwer  as  well  if  1  put  into  the 
retort,  in  powder,  the  materials  of  which 
they  were  made,  or  other  fubftances  of  the 


fame  kind. 
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Accordingly,  by  mixing  ground  flint  and 
clay  in  various  proportions,  I  prefently  in- 
creafed  the  quantity  of  air  much  beyond  my 
expectation.  In  the  firft  trials,  in  which 
I  had  much  flint  and  a  little  clay,  I  never 
failed  to  get  200  ounce  meafures  of  air  from 
one  of  water.  Then,  ufing  more  clay  and 
lefs  flint,  I  had  ftili  more  air  ;  and  at  lafc, 
leaving  out  the  flinr  altogether,  and  ufing 
clay  only,  I  never  failed  to  get  much  more 
than  400,  and  generally  between  500  and 
600  ounce  meafures  of  air  from  one  of  wa¬ 
ter,  which  was  about  three-fourths  of  the 
weight  of  the  water;  and  in  one  particular 
procefs  I  procured  very  little  lefs  than  nine-  ‘ 
tenths  of  the  weight  of  the  water  in  air,  and 
this  air  was  never  much  lefs  pure  than  that 
of  the  atmofphere.  Sometimes  it  could  not 
be  difiinguifhed  from  it  at  all  by  the  tefc  of 
nitrous  air  ;  and  once  or  twice  I  thought  it 
even  purer  than  that  of  the  atmofphere. 

i  muft  here  obferye,  that  I  found  it  not 
convenient  to  put  fo  much  water  to  any 
quantity  of  clay  as  would  make  it  cohere  in 
one  mafs,  but  only  fo  much  as  that  it  fhould 

remain  , 


I 


46  Experiments  relating  to  the 

remain  in  the  form  of  powder.  By  this 
means  it  might  eafily  be  poured  out  of  the 
retort  when  the  experiment  was  over. 

The  weight  of.  the  water  expended  in  this 
production  of  air  I  afcertained,  in  the  moft 
unexceptionable  manner,  by  weighing  the 
retort,  with  all  its  contents,  before  and  after 
the  procefs.  I  fhall  explain  this  by  the  re- 
fult  of  two  of  the  procefles.  In  one  of 
them,  the  retort  and  moiftened  clay  together 
loft  in  weight  588  grains,  after  yielding  741 
ounce  meafures  of  air,  which  (in  the  pro¬ 
portion  of  fix  grains  to  one  ounce  meafure) 
would  have  weighed  444  grains,  and  con- 
fequently,  about  three-fourths  of  the  weight 
of  the  water. 

In  the  other  procefs,  the  lofs  of  weight 
was  358  grains,  after  yielding  556  ounce 
meafures  of  air,  which  would  have  weighed 
333  grains.  The  proportion,  therefore,  be¬ 
tween  the  weight  of  the  air  and  that  of  the 
water  was  1 1 1  to  1 16,  or  nearly  nine  to  ten. 

I  alfo  found  now,  that  fo  much  heat  as  I 
had  hitherto  applied  was  neither  neceflary 
nor  ufeful.  In  the  laft-mentioned  procefs 

the 
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the  retort  was  conftantly  fufpended  about  fix 
inches  above  a  moderate  charcoal  fire  ;  at 
another  time  more  than  twelve  or  fifteen 
inches  above  it,  where  a  Fahrenheit’s 
thermometer  did  not  fhew  more  than  210°. 
With  this  moderate  heat  I  got  465  ounce 
meafures  in  the  courfe  of  about  twelve  hours. 
When  the  retort  was  fufpended  within  fix 
inches  of  the  fire,  the  air  was  generally  pro¬ 
duced  at  the  rate  of  30  ounce  meafures  in  five 
minutes.  But  a  thermometer,  the  bulb  of 
which  was  immerfed  in  the  clay,  was  ftill 
only  at  the  heat  of  boiling  water. 

In  all  thefe  procefies,  however,  there  was 
evidently  fome  lofs  of  water ;  for,  excepting 
the  firfc  experiment  with  the  lime,  I  never 
got  the  whole  weight  of  the  water  in  air ; 
and  it  might  be  laid  that  I  only  expelled  the 
air  before  contained  in  the  water,  though 
from  thefe  experiments  it  appeared  to  con¬ 
tain  much  more  air  than  it  had  been  thought 
capable  of  containing.  To  obviate  this  ob¬ 
jection,  I  contrived  to  catch  all  the  water 
that  efcapcd  through  the  pores  of  the  retort 
in  the  following  manner. 

Having 
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Having  put  the  moiftened  clay  into  an 
earthen  tube,  to  which  I  had  fitted  a  cock 
and  a  long  glafs  tube  (by  means  of  which  I 
could  colled:  all  the  air  that  came  from  it) 
I  put  this  within  an  iron  tube,  which  was 
clofed  at  the  end  next  the  fire,  but  open  at 
the  other  end,  and  fo  long  that  I  could  eaiily 
keep  this  open,  and  quite  cool,  while  the  other 
was  in  the  fire ;  consequently,  whatever  water 
efcaped  through  the  pores  of  the  earthen 
tube,  it  would  b£  condenfed  in  the  cool  part 
of  the  iron  one.  This  water  I  carefully  col¬ 
luded,  and  always  found  that  the  weight  of 
it,  together  with  that  of  the  air  produced  in 
the  experiment,  was  nearly  that  of  the  ori¬ 
ginal  weight  of  the  water,  eftimated  by  the 
lofs  of  weight  in  the  earthen  tube  and  its 
contents.  I  alfo  found,  that  the  water  fo 
colieded  fcrved  for  the  produdion  of  more 
air,  juft  as  well  as  any  other  water  whatever, 
fo  that  there  had  been  no  decompofition  of 
the  water  in  the  cafe. 

In  the  laft  prccefs  that  I  went  through  of 
this  kind,  the  lefts  of  weight  'in  the  earthen 
tube,  or  rather  of  the  water  contained  in  it, 
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was  392  grains  i  the  air  collected  was  173 
ounce  meafures,  which  would  have  weighed 
89  grains,  and  the  water  which  efcaped 
through  the  pores  of  the  earthen  tube,  and 
which  I  collected,  was  nearly  195  grains; 
fo  that  the  air  and  this  water  together 
weighed  302  grains,  or  ten  grains  more  than 
the  original  water.  But  as  I  eftimated  the 
weight  of  the  water  only  by  the  fpace  which 
it  occupied  in  a  cylindrical  glafs  tube,  di¬ 
vided  according  to  ounces  and  parts  of  ounces 
of  water,  it  was  not  eafy  to  avoid  an  error 
of  a  few  grains.  At  other  times  there  was 
an  error  of  a  fmall  magnitude  on  the  other 
fide.  But  it  will  appear  hereafter,  that 
more  fleam  muft  have  efcaped  invifibly  at 
the  open  mouth  of  the  iron  tube  than  I  was 
aware  of. 

That  nothing  could  enter  by  the  pores  of 
the  retort  at  the  fame  time  that  the  water 
was  making  its  efcape  out  of  them,  I  thought 
I  afcertained  pretty  fatisfadtorily  by  im- 
merfing  the  bulb  of  it  in  mercury,  contained 
in  an  iron  veffel.  In  thefe  circumftances  I 
obtained  air  as  ufual,  only  the  produce  was 
Vol,  III,  E  not 
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not  lo  rapid.  In  this  way,  however,  I  pro- 
on  cured  *above:  an  hundred  ounce  meafures  ~of 
voair  from  moiftened  clay  r  a:ndr:I  difcontinued 
the  procefs  without  perceiving  any  termina- 
<  tion  of  it*  But  the  moment  the  retort  was 
raifed  out  of  the  mercury,  it  gave  air  three 
*  times  as  faft  as  it  had  ^ done  before.  The 


quality  of  the  air  was  the  fame  in  both 
cafes,  viz.  a  little  worfe  than  that  of  the 
atmofphere/  X? 

I  even  collected  thirty  ounce  meafures  of 
air  when  the  bulb  of  the  fame  retort  was 


immerfed  in  hot  linfeed  oil ;  but  the  pro- 

*  _  ^  .4 

dudlion  of  air  gradually  ceafed,  and  the  next 

v  *  f  ,  a  .  a  L.  f\  yl  | 

day  I  found  the  retort  almoft  full  of  the  oil, 
•'which  had  foaked  through  it.  Diftilling  this 

-  oil,  I  got  300  ounce  meafures  of  air  wholly 

»  •  - 

inflammable,  except  a  very  few  ounce  mea¬ 
sures  at  the  laft,  which  were  only  phlo- 
gifticatedn 

-a:  Still  hearing  of  many  objections  to  the 
converfion  of  water  into  air,  I  now  gave  par- 
-ticular  attention  to  an  experiment  of  Mr. 
a  Cavendish's,  concerning  the  re-converfion 

L 


$f  air :  into  water,  by.decdmpoling  it  in'  con- 

.  '  junction 
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junftion  with  inflammable  air*  And  in  the 
firfl  place,  in  order  to  be  fure  that  the  water 
I  might  find  in  the  air  was  really  a  confti- 
tuent  part  of  it,  and  not  what  it  might  have 
imbibed  after  its  formation,  I  made  a  quan¬ 
tity  of  both  dephlogifticated  and  inflamma*- 
ble  air,  in  iuch.a  manner  as  that  neither  of 
them  fhould  ever  come  into  contact  with 
water,  receiving  them  as  they  were  produced 
in  mercury  j  the  former  from  nitre,  and  in 
the  middle  of  the  procefs  (long  after  the 
water  of  crystallization  was  come  over) 
and  the  latter  from  perfedtly-made  charcoal. 
The  two  kinds  of  air  thus  produced  I  de* 
compofed  by  firing  them  together  by  the 
eledtric  explofion,  and  found  a  manifeft  de- 
pofition  of  water,  and  to  appearance  in  the 
fame  quantity  as  if  both  the  kinds  of  air  had 
been  previoufly  confined  by  water. 

In  order  to  judge  more  accurately  of  th& 
quantity  of  water  fo  depofited,  and  to  com¬ 
pare  it  with  the  weight  of  the  air  decom-* 
pofed,  I  carefully  weighed  a  piece  of  filtering 
paper,  and  then  having  wiped  Vydth  it  all  the 
infidfe  of  the  glafs  veiTel  in  which  the  air  had 
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been  decompofed,  weighed  it  again,  and  I 
always  found,  as  nearly  as  1  could  judge,  the 
weight  of  the  decompofed  air  in  the  moifture 
acquired  by  the  paper. 

As  there  is  a  fource  of  deception  in  this 
experiment,  in  the  fmall  globules  of  mer¬ 
cury,  which  are  apt  to  adhere  to  the  infide 
of  the  glafs  velfel,  and  to  be  taken  up  by  the 
paper  with  which  it  is  wiped,  I  fometimes 
weighed  the  paper  with  the  moifture  and 
the  mercury  adhering  to  it ;  and  then  ex- 
pofing  it  in  a  warm  place,  where  the  wa¬ 
ter  would  evaporate,  but  not  the  mercury, 
weighed  it  again,  and  ftill  found,  as  nearly 
as  I  could  pretend  to  weigh  fo  fmall  a  mat¬ 
ter,  a  lofs  of  weight  equal  to  that  of  the  air. 
I  wifhed,  however,  to  have  had  a  nicer  bal¬ 
ance  for  the  purpofe :  the  refult  was  fuch 
as  to  afford  a  ftrong  prefumption  that  the 
air  was  re-converted  into  water,  and  there¬ 
fore  that  the  origin  of  it  had  been  water. 

Another  prefumption  in  favour  of  the  ge¬ 
neration  of  our  atmofphere  from  water  was,, 
that  the  purity  of  the  air  that  I  produced 
from  it  is  fo  very  nearly  the  fame  with  that 
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of  the  atmofphere.  And  the  degree  of  heat, 
requifite  to  produce  it  is  no  greater  than  may  ' 
be  given  by  the  rays  of  the  fun  in  certain 
circumftances.  Subterraneous  fires,  how- 
ever,  would  be  abundantly  fufficient  for  the 
purpofe,  as  it  appears  to  be  fufficient  for  the 
converfion  of  water  into  refpirable  air,  that 
it  come  into  contact  with  clay,  and  perhaps 
many  other  earthy  fubftances  in  the  form  of 
vapour.  I  muff,  however,  obferve,  that 
when  I  threw  the  focus  of  a  burning  lens 
upon  a  quantity  of  moift  clay,  either  in  vacuo > 
or  in  common  air,  I  got  no  air  from  it. 

I  made  this  experiment  both  with  the  clay 
expofed  in  an  open  difli,  and  alfo  confined  in 
a  fliort  earthen  tube.  Had  I  then  proceeded 

to  repeat  this  laft  procefs  with  a  com  muni- 

•  •  « 

cation  between  the  iniide  of  the  earthen  tube 
and  the  external  air  (as  I  then  propofed  to  do, 
but  was  prevented)  I  ffiould  much  foonerhave 
difeovered  what  I  did  afterwards,  viz.  that 
there  was  no  real  converfion  of  water  into  air 

’•  (*'■  >  •  *  <'./■»  .  .  •  i  **  • 

in  this  procefs.  In  favour  of  which,  how¬ 
ever,  it  may  not  be  ainifs  to  obferve,  that 
the  great  difficulty  Mr.  De  Luc  and  others* 
have  found  in  expelling  all  air  from  water, 
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is  beft  accounted  for  on  the  fuppoiition  of 
generation  of  air  from  water,  though  in 

Am  Of  4f  4  Kr*p  nV  r.  /TIO"tT 

other  circumftances  than  thofe  that  I  have 

observed,  I  have  the  pleafure  to  add,  that 

-4  At>  o  pfi  I  n  f  i  fWi  f  n  port  *1  r 

Mr.  De  Luc  himfelf  concurs  with  me  in 

■  i  *  L  *  *■.  ^  v  »  ■ 

this  opinion. 

The  difficulty  that  ftrikes  many  perfbns 
molt  forcibly,  is  the  want  of  analogy  be¬ 
tween  the  converlion  of  water  into  air  with 
any  other  known  fadts  in  philofophy  or  in 
nature.  But  admitting  that  this  converfion 
is  effected  by  the  intimate  union  of  what  is 
called  the  principle  of  heat  with  the  water,  it 
appears  to  me  to  be  Efficiently  analogous  to 
other  changes,  or  rather  combinations,  of 
fubftances.  Is  not  the  acid  of  nitre,  and 
alfo  that  of  yitriol,  a  thing  as  unlike  to  air 

*  od  '■  *  t  ■  -  i  *"*  '•  f  j  > H  X  ml' 

as  water  is,  their  properties  being  as  remark¬ 
ably  different  ?  And  yet  it  is  demonftrable, 
that  the  acid  of  nitre  is  convertible  into  the 
pureft  refpirable  air,  and  probably  by  the 

-union  of  the  fame  principle  of  heat  *. 

ismo  o!  ii  ol  gnmiw  ?sw  -  I 
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*  It  will  appear  by  fubfequent  experiments,  that  there 
5§  no  acid  in  dephlogiflicated  air,  this  being  only  one  of 
$e  component  parts  of  water, 
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It  is  true,  that  fleam  is  a  thing  very  aifk 

ferent  from  air,  and  I  find  that  it  is  not  able 
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to  decompofe  nitrous  air;  but  then,  though 

-»  -  •  -  —  •-  » 

it  Jias  acquired  fenfible  heat,  it  has  got  no 

in  ora  fifi-w  a-uiono:  ..  ri  jUvj  jr  .iiVi 

latent  heat  fo  intimately  combined  with  it  as,, 
it  is  with  air  ;  and  for  the  fame  reafoii,  per- 
haps,  the  vapour  of  nitrous  acid  is  not  de- 

phlogiflicated  air. 

.  -  .... 

By  the.  fame  procefs  by  which  refpirable 
air  feems  to  be  made  from  water,  inflam- 

jr 

mable  air  may  certainly  be  made  from  liquid  c 
fubflances  containing  phlogiflon.  Making, 
fpirit  of  wine  to  boil  in  a  glafs  retort,  I  made 
the  vapour  pafs  through  the  flem  of  a  hot  to¬ 
bacco-pipe,  and  found  that  it  was  all  converted 
into  inflammable  air,  and  it  was  of  that  kind 

^  r  rv  «l%  \j  >  {  ft  r  *  1 

which  burns  with  a  lambent  white  flame. 
But  when  I  let  the  pipe  cool,  no  air  was 
produced,  but  only  vapour,  which  was  in- 
flantly  condenfed  in  the  water. 
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Being  now  mafter  of  a  new  and  eafy  pro- 

» ~  .  1 

cefs,  1  was  willing  to  extend  it  to  other 
liquid  fubflances ;  and  I  prefently  found,  as 
I  then  imagined,  that,  by  this  ^  means, -rl  i: 
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could  give  a  permanent  aerial  form  to  any 
liquid  fubftance  that  had  been  previoufly 
thrown  into  the  form  of  vapour. 

When  I  made  theVapour  of  fpirit  of  nitre, 
heated  in  a  glafs  retort,  pafs  through  the 
item  of  the  hot  tobacco-pipe,  I  got  as  pure 
dephlogifticated  air  as  ever  I  have  procured 
from  nitre ;  though  the  cork,  by  which  the 
retort  was  connected  with  the  pipe,  was  dif- 
folved,  and  muft  have  contributed  to  conta¬ 
minate  it,  and  give  it  a  flight  mixture  of 
fixed  air. 

With  oil  of  vitriol  I  got  air  confiderably 
phlogifticated,  fo  that  a  candle  would  not 
have  burned  in  it  •>  but  this  I  alfo  attribute 
to  the  cork,  which  was  diflblved  in  the  pro- 
cefs.  The  refult  was  nearly  the  fame  when 
I  ufed  water  impregnated  with  vitriolic  acid 
air,  though  the  cork  was  not  diflblved. 
But  this  acid  is  known  to  contain  much 

V  *  - ->  v>  V  ■  r  ...  T  .  - 

1  phlogifton. 

*  Spirit  of  fait  gave  air  no  purer  than  the 
beft  atmofpherical  air.  But  as  by  this  prp- 
cefs  I  never  got  air  fo  pure  as  this  from 

water 
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v/  a  ter  only,  I  concluded,  that  even  this  acid, 
as  well  as  the  nitrous  and  vitriolic,  is  capable 
of  being  changed  into  dephlogifticated  air. 

When  I  ufed  water  impregnated  with 
fixed  air,  this  air  was  expelled  by  the  heat, 
and  came  over  without  any  change  that  I 
could  perceive,  except  that  the  refiduutn 
was  larger,  from  the  water  that  came  along 
with  it.  The  air  1  got  afterwards  was  only 
that  from  the  water,  and  of  the  fame  qua¬ 
lity  as  if  it  had  not  been  impregnated  with 
fixed  air. 

Water  impregnated  with  alkaline  air  gave 
neither  fixed  nor  inflammable  air,  which  I 
had  rather  expefted,  but  only  air  confider- 
ably  phlogifticated  ;  though  lome  of  it  was 
fo  pure  that  a  candle  would  have  burned 
in  it. 

N.  B.  In  all  thefe  experiments  with  the 
tobacco-pipe,  all  the  air  was  remarkably 
turbid,  like  milk,  and  even  the  common 
air  in  the  retort  before  the  procefs  properly 
began. 

In  this  Hate  of  the  experiments  I  think  I 
may  venture  to  fay,  that  no  perfon  could 

have 
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Have  &en  them  without  concluding  that 
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there  was  a  real  converfion  of  water  into  air. 


•  ft  *  r'  ■  ^  'it'tHUfi  "Q  rf  i  to  jIQS^  Ih  j 

there  being  no  known  principle  or  fad  in 

philofophy,  that  could  have  led  any  perfon 
to  fufped  a  fallacy  in  the  cafe.  In  this, 
therefore,  I  muft  have  acquiefced,  as  indeed 
did  all  my  acquaintance,  even  thofe  who  had 
been  the  moft  incredulous  on  the  fubjed, 
after  they  had  themfelves  feen  the  experi¬ 
ments.  But  I  was  led  to  the  farther  profe- 
cut  ion  of  this  bufmefs,  in  confequence  of 
having  obferved  that  the  purity  of  the  air 
which  I  procured  depended  upon  the  date  of 
that  which  was  immediately  contiguous  to 


the  earthen  retort,  or  tube,  in  which  I  fup- 

1  .  r.,  t  rlmjchn* 

pofed  the  converfion  to  have  been  made ;  and 

that  fome  communication  with  the  atmof- 
phere  wras  neceffary  to  the  produdion  of  any 
air,  as  in  the  experiment  with  the  digefter, 
and  thofe  with  the  clay  and  the  burning  lens. 
And  fince  pure  external  air  was  neceffary  in 
order  to  procure  good  air,  it  was  concluded 
by  feveral  of  my  friends,  and  efpecially  Mr. 
Watt,  that  the  operation  of  the  earthen  re¬ 
tort  was,  to  tranfmitphlogiflonfromthewater 


con- 


C onver fion  of  Water  into  Air . 

contained  in  the  clay  to  the  external  air;  and 
that  the  water,  thus  dephlogifticated,  was 
capable  of  being  converted  into  refpirable  air 

111  s_  a  \  /  ■%..* . I  V.J  i  *,.?  1.  i.  X  j  •* 

by  the  intimate  union  of  the  principle  of  heat. 

In  order  to  afcertain  what  the  influence  of 
the  external  air  in  this  cafe  really  was,  I 
inclofed  an  earthen  retort  filled  with  moifl- 
tenea  clay,  in  a  large  glafs  receiver,  open  at 
both  ends,  through  the  upper  orifice  of  which 
(being  narrow)  I  thruft  the  neck  of  the  re¬ 
tort,  luting  it  fo  as  to  be  perfectly  air-tight; 
and  placing  the  receiver  in  a  bafon  of  water, 
by  which  the  air  within  v/as  cut  off  from 
all  communication  with  the  external  air,  I 
fitted  to  the  mouth  of  the  retort  a  glafs  tube, 
through  which  I  could  receive  whatever  was 
produced  in  the  procefs*.  In  this  fitua- 
lion  I  heated  the  retort,  by  means  of  Mr. 
Parker’s  excellent  burning  lens,  when  air 
was  received  through  the  tube  communicat¬ 
ing  with  the  infide  of  the  retort  as  ufual ; 
but  at  the  fame  time  the  water  rofe  within 

/f  S’  r  *  g  L  r  /  'i  ‘A  r  1 

v  Fig,  I.  exhibits  a  view  of  the  difpofition  of  the  apparatus 
this  experiment,  and  in  many  others  of  the  fame  nature, 
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the  receiver.  This  effedt  might  be  owing 
to  a  phlogiftication  of  the  air  within  the  re¬ 
ceiver  ;  but  it  was  foon  diminifhed  far  be¬ 
yond  the  utmoft  limit  of  that  procefs,  fo 
that  very  little  of  it  remained  ;  and  examin¬ 
ing  this  air,  I  found  it  to  be  nearly  the  feme 
with  that  of  the  atmofphere,  as  alfo  was 
that  which  came  from  the  retort. 

This  experiment  made  it  probable,  that 
the  air  on  the  outfide  of  the  receiver  had 
actually  paffed  through  it ;  and  yet  it  was 
contrary  to  all  the  known  principles  of  hy- 
droftatics,  and  even  any  thing  hitherto  known 
in  chemiftry,  that  air  fhould  be  tranfmitted 
through  a  veffel  of  this  kind,  and  in  a  direc¬ 
tion  contrary  to  that  in  which  it  would 
have  been  forced  by  the  preffure  of  the  at¬ 
mofphere  y  while  the  water,  with  which  the 
clay  was  moiftened,  went  the  other  way* 
For  had  the  retort  been  pervious  to  air,  as 
the  infide  had  a  free  communication  with  the 
atmofphere,  the  water  could  not  have  rifen 
within  the  receiver.  This,  however,  ap¬ 
peared  to  be  the  cafe,  by  the  following  de- 
cilive  experiments. 
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Having  filled  the  earthen  retort  with  the 
moiftened  clay  as  before,  I  made  the  infide 
of  the  receiver  perfectly  dry,  and  placed  it 
in  a  hafon  of  mercury  ;  when,  upon  heating 
the  retort  as  before,  the  receiver  was  all 
covered  with  dew,  which  collecting  into 
drops  trickled  down  the  infide  of  the  receiver, 
and  remained  upon  the  mercury,  which  rofe 
within  the  receiver,  while  air  was  re¬ 
ceived  from  the  retort  as  ufual.  I  had  no 
doubt,  therefore,  but  that  all  the  water 
within  the  retort  would  have  got  through 
into  the  receiver.  Spirit  of  wine,  or  fome- 
tiling  that  had  the  fmell  of  it,  was  tranf- 
mitted  from  the  clay  through  the  retort  in 
the  fame  manner. 

I  then  filled  the  receiver  with  inflam¬ 
mable  air,  and  upon  heating  the  retort,  it 
was  all  drawn  through  it,  and  delivered  as 
ftrongly  inflammable  as  ever  by  the  tube 
communicating  with  the  infide  of  it ;  while 
the  water  rofe  within  the  receiver,  and  even 
covered  the  retort,  which  was  fixed  at  the 
very  top  of  it,  fo  that  hardly  any  of  the  in¬ 
flammable  air  remained  within  it.  In  like 
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Aianhef  nitrous  air  paffcd  through  the  retort 
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From  the  fe  experiments  it  fee'med  lmpoffi* 

>  bie  not  to  infer,  that  the  clay  of  the  earthen 
retorty  being  thus  heated,  deftroys  for  a  time 
tile  aerial  form  of  whatever  air  is  expofed  to 
the  outfide  of  it ;  which  aerial  form  it  rece- 

!  p  •  ft  \c*  TJT  1  ] 

Vers  after  it  has  been  tranfmitted  in  combi¬ 
nation  from  one  part  of  the  clay  to  another, 
till  it  has  reached  the  infide  of  the  retort, 
while  the  water  is  drawn  through  it  in  a 
contrary  direction*. 

Had  this  hypothecs  been  propofed  a  priori , 
it  would,  I  doubt  not,  have  been  thought 
more  extraordinary  than  the  convention  of 
water  into  air.  I  propofe  to  make  many  other 
experiments  in  the  profecution  of  thefe ; 
but  till  I  have  an  opportunity  of  doing  this, 
I  fhall  not  trouble  the  Society  with  any 
conjectures  that  have  occurred  to  me  on  the 

*  Notwith  (landing  this,  reafons  will  prefently  be  given, 
which  fliew  that  this  is  no  juft  conclusion,  and  that  the 
proccfs  mu  ft  have  been  cairied  on  by  means  of  fires.  - 

\„n  '  '  "  The 
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The  great  difficulty  with  refpedl  to.  the 
experiment  with  the  lens  is,  that  the  water 
ffiould  pafs  through  the  retort  one  way,  and 
the  air  the  other,  and  yet  that  the  air  fhould 

not  be  able  to  pafs  without  the  water.  It  is 

Tin  &  *iox  ,  Tran  rr 

alio  not  a  little  extraordinary,  that  the  weight 

of  the  air  and  that  of  the  water  fhould  be  fo 
nearly  equal. 

In  the  laft  place  I  muft  obferve,  that  there 
is  nothing  in  this  experiment  that  contra¬ 
dicts  the  idea  of  the  converfion  of  water  into 
air,  though  it  does  not  prove  it :  for  ftill  the 
experiment  with  the  tobacco-pipe,  in  which 
the  fleam  is  made  red-hot  (whereas  in  that 
with  the  lens  it  is  only  of  a  boiling  heat) 
cannot  be  explained  fo  well  on  any  other 
hypothefis  any  more  than  Mr.  Cavendish's 
experiment  on  finding  water  on  the  decoin- 

O  j  |Tt  *Q  fllOLL  Xy*1  Y -d  jl JL  i U -i  -j  r  t  » 

pofition  of  air, 

I  cannot  conclude  this  account  with- 

<c.a  •  j  v-  4  i  t  r|  £  y ,  ;  j  J  4  ^  '  -a* 

out  acknowledging  my  obligation  to  Mr. 
Parker  for  the  ufe  of  his  incomparable 
lens,  and  his  obligingly  affifling  me  in  the 
management  of  it.  Indeed,  without  this  very 
inftrument,  or  one  of  greater  power  than  my 

3:  nr  own. 
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own,  I  do  not  know  that  the  laft-mcntioned 
experiments  could  have  been  made  at  all ; 
certainly  not  to  fo  much  fatisfadtion*. 


Experiments  on  the  feeming  Conversion  of 
IV at er  into  Air  continued . 

When  I  wrote  the  preceding  article,  it 
was  my  opinion,  that  the  air  which  was 
tranfmitted  through  the  earthen  retort,  had 
loft  for  a  moment  its  form  of  air9  and  was 
properly  incorporated  with  the  earthy  as 
fixed  air  is  in  limeftone,  and  that  it  had  re¬ 
fumed  its  aerial  form  in  the  infide  of  the 
retort  y  becaufe  thefe  velfels  had  been  air- 

*  By  means  of  fmall  earthen  veflels,  of  an  inch  diameter 
in  the  bulb,  fuch  as  is  reprefented  in  hg.  I.  the  experiment 
is  made  with  fufficient  advantage,  with  a  lens  of  12  inches 
in  diameter. 
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tight  in  all  my  other  experiments.  But 
though  thefe  earthen  retorts  be  fufficiently 
air-tight  for  many  purpofes,  and  we  cannot 
blow  through  them  when  they  are  plunged 
in  water,  yet  unlefs  they  be  glazed,  they  are 
not  fo  air-tight,  but  that,  with  an  air-pump, 
air  may  be  drawn  through  them.  Confe- 
quently,  any  power  adting  with  the  force  of 
an  air-pump  (which  is  only  equal  to  the 
preffure  of  the  atmofphere)  may  overcome 
the  difficulty  of  air  paffing  through  the  final! 
pores  of  fuch  retorts ;  and  there  are  many 
powers  in  chemiftry  much  greater  than  this. 

At  prefent  it  is  my  opinion,  that  the  agent 
in  this  cafe  is  that  principle  which  we  call 
attraction  of  cohefion ,  or  that  power  by  which 
water  is  raifed  in  capillary  tubes.  But  in 
what  manner  it  adts  in  this  cafe,  I  am  far 
from  being  able  to  explain.  Much  lefs  can 
I  imagine  how  air  ffiould  pafs  one  way,  and 
vapour  the  other,  in- the  fame  pores,  and  how 
the  tranfmiffion  of  the  one  ffiould  be  necef- 
fary  to  the  tranfmiffion  of  the  other.  I  am 
fatisfied,  however,  that  it  is  by  means  of 
fuch  pores  as  air  may  be  forced  through, 
Vol.  III.  F  that 
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that  this  curious  procefs  is  performed,  be- 
caufe  the  experiment  never  fucceeds  but  in 

»  r 

fuch  veffels  as,  by  the  air-pump  at  leaft,  ap¬ 
pear  to  be  porous ,  though  in  all  fuch.  But 
the  fmallnefs  of  the  pores  fee  ms  to  be  rather 
an  advantage  in  this  experiment ;  and  the 
fmalleft  capillary  tubes  alfo  are  known  to  adt 
with  the  greateft  force. 

A  veffel  fcooped  out  of  chalk  anfwered  as 
well  as  an  earthen  retort ;  fo  alfo  did  one  of 
free-Jlone ,  firft  about  a  quarter  of  an  inch  in 
thicknefs,  and  then  very  near  an  inch,  which 
I  got  made  for  the  purpofe ;  and  fo  alfo  did 
a  veffel  of  white  marble  of  the  clofeft  texture, 
though  it  is  fufficiently  air-tight  for  molt 
purpofes,  and  nothing  but  the  air-pump 
could  have  convinced  me  that  it  had  any 
pores. 

In  order  to  meafure  the  force  of  this  at¬ 
traction,  I  placed  the  glafs  veffel  through 
which  I  tranlfnitted  the  rays  of  the  fun  (and 
which  contained  the  air  that  was  to  be 
drawn  through  the  retort)  in  a  bafon  of  mer¬ 
cury,  and  found  that  while  the  vapour  of 
water  was  tranfmitted  from  moiftened  clay 
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in  the  infide  of  the  retort,  into  the  infide  of 
the  glafs  velfel  (and  confequently  the  air 
pafied  the  contrary  way,  fo  as  to  enable  the 
atmofphere  to  prefs  the  mercury  into  the 
infide  of  the  glafs  veffel)  it  rofe  inches 
above  the  level  on  the  outfide  of  the  glafs. 
It  might  probably  have  ri fen  fomething 
higher,  if  all  the  water  in  the  clay  had  not 
then  been  expended.  This  was  a  vefiel 
made  on  purpofe,  of  pipe-clay  only,  and 
very  compad.  When  I  ufed  more  porous 
earthen  veflels,  I  was  never  able  to  raife  the 
mercury  fo  high.  For  when  the  pores  are 
large,  the  mechanical  adion  occafioned  by 
the  weight  of  fuch  a  column  of  mercury 
counterads  the  chemical  one,  and  prevents 
the  tranfmiffion  of  the  air  or  fteam. 

Having  fufficiently  afcertained  what  kind 
of  vejfels  would  anfwer  for  this  experiment, 
I  then  tried  what  kind  of  fluid  Jubjlances 
would,  by  their  tranfmiffion  in  one  di- 
redion,  promote  the  palling  of  the  air 
in  the  other ;  and  I  found  that  oils,  as 
well  as  fpirit  of  wine ,  anfwered  this  purpofe 

F  a  perfedly 
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perfectly  well ;  and  fo  alfo  did  mercury ,  but 
not  any  other  metal  made  fluid  by  heat. 

The  mercury  pafled  through  the  retort  in 
the  form  of  a  fubtle  black  powder ;  and  on 
this  occafion  I  obferved  that  the  vefiel  of 

>  'C  V  9  V-  J  5  j-  I  /ml  ]  If  > 

pipe-clay  with  which  the  experiment  was 
made,  was  fo  far  air-tight,  that  when  I 
took  it  to  the  air-pump,  nearly  full  of  mer¬ 
cury,  quite  hot  from  the  experiment  in  the 
fun,  and  placed  it  upon  the  plate  of  the  air- 
pump,  I  was  not  able  to  force  any  mercury 
through  it.  Probably  this  black  powder 
was  much  more  attenuated  than  mercury  in 
its  natural  fluid  ftate  can  be.  There  is  alfo 
a  degree  of  repulfion  between  white  mer¬ 
cury  and  all  glafs  or  earthen  veflels.  This 
repulfion  mechanical  preflure  might  not  be 
able  to  overcome,  though  this  chemical 
adtion  could  do  it.  It  remains,  however, 
to  be  confidered,  how  the  mercury  in  this 
procefs  could  be  changed  from  its  natural 
fluid  ftate  into  this  black  powder. 

While  I  was  making  thefe  experiments 
with  mercury,  I  took  the  opportunity  of 

trying 
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trying  one  of  the  kinds  of  air  that  cannot 
be  confined  by  water ;  and  having  filled  the 
glafs  vefiel  with  alkaline  air,  and  having 
mercury  in  the  vefiel  of  clay ;  I  foon  found, 
by  the  fmell,  that  the  alkaline  air  was  pair¬ 
ing  one  way,  while  the  mercury  went  the 

*  *  •  * 

other,  juft  as  readily,  I  doubt  not,  as  inflam¬ 
mable  or  nitrous  air  had  gone  one  way, 
while  water  had  gone  the  other. 

Of  the  metals  in  a  ftate  of  fluidity,  I  tried 
lead ,  tin,  zinc ,  and  bifmuth ,  melting  them 
in  porous  earthen  retorts ;  but  neither  did 
any  metal  pafs  one  way,  or  air  the  other. 

I  made  fome  attempts  to  perform  this 
experiment  with  veflels  which  had  vifible 
pores ,  efpecially  with  fine  capillary  tubes  of 
glafs  5  having  the  ftoppers  of  the  glafs  tubes 
made  with  fine  perforations  of  this  kind, 
but  hitherto  without  fuccefs;  and  yet  I  do 
not  abfolutely  defpair  of  fucceeding  in  an 
experiment  of  this  kind,  and  thereby  feeing 
a  little  farther  into  this  curious  procefs. 
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SECTION  III. 

Experiments  and  Obfervations  relating  to  Air 

and  Water*. 

EVER  fince  the  difcovery  of  the  diminu¬ 
tion  of  refpirable  air  in  thofe  procefles 
which  are  generally  called  phlogiflic ,  it  has 
been  a  great  objedt  with  philofophers  to 
find  what  becomes  of  the  air  which  difap- 
pears  in  them.  Among  others,  I  have  made 
and  publifhed  a  variety  of  experiments  with 
that  view ;  but  though  by  this  means  fome 
farther  progrefs  was  made  in  the  philofophy 
of  air,  and  confequently  our  knowledge  of 
the  principles,  or  conftituent  parts,  of  na¬ 
tural  fubftances  was  extended,  I  did  not  by 
any  means  fucceed  to  my  fatisfaftion  with 
refpedt  to  the  immediate  objedt  of  my  re- 
fearches.  Others,  however,  were  more 
fuccefsful,  and  their  fuccefs  has  at  length 
enabled  me  to  refume  my  experiments  with 

*  This  fedtion  is  copied  from  the  Philofophical  Tranfac- 
tions,  vol.  lxxv.  p.  279. 
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more  advantage ;  by  which  means  I  have 
been  led  both  to  confirm  their  conclufions, 
and,  by  diverfifying  the  experiments,  to 
throw  confiderable  light  upon  various  other 
chemical  procefies.  The  refult  of  thefe 
obfervations  I  £hall  lay  before  the  Society, 
with  as  much  brevity  and  diftindlnefs  as 
I  can, 

In  the  experiments  of  which  I  fhall  now 
give  an  account,  I  was  principally  guided 
by  a  view  to  the  opinions  which  have 
lately  been  advanced  by  Mr.  Cavendish, 
Mr.  Watt,  and  M.  Lavoisier.  Mr. 
Cavendish  was  of  opinion,  than  when  air 
is  decompofed,  water  only  is  produced ;  and 
Mr.  Watt  concluded  from  fome  experi¬ 
ments,  of  which  I  gave  an  account  to  the 
Society,  and  alfo  from  fome  obfervations  of 
his  own,  that  water  confifts  of  dephlogifti- 
cated  and  inflammable  air,  in  which  Mr. 
Cavendish  and  M.  Lavoisier  concur 
with  him  but  Mr.  Lavoisier  is  well 
known  to  maintain,  that  there  is  no  fuch 
thing  as  what  has  been  called  phlogiflon , 
affirming  inflammable  air  to  be  nothing  elfe 

F  4  but 
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but  one  of  the  elements  or  conftituent  parts 
of  water.  In  the  following  experiments  I 
alfo  had  a  particular  view  to  a  conclufion 
which  I  had  drawn  from  thofe  experiments, 
of  which  an  account  is  given  in  my  laft 
communications  to  the  Royal  Society,  viz. 
that  inflammable  air  is  pure  phlogifton  in 
the  form  of  air,  at  leaft  with  the  element 
of  heat and  that  fixed  air  confifts  of  de- 
phlogifticated  and  inflammable  air;  both 
which  dodlrines  had  been  firfl  advanced  by 
Mr.  K  irwan,  before  I  had  made  the  ex¬ 
periments  which  I  then  thought  clearly 
proved  them. 

Such  were  the  hypothefes  to  which  I  had 
a  view,  when  I  began  the  following  courfe 
of  experiments,  which  I  hope  will  be  an 
admonition  to  myfelf,  as  well  as  to  others, 
to  adhere  as  rigoroufly  as  pofiible  to  actual 
obfervations,  and  to  be  extremely  careful  not 
to  overlook  any  circumftance  that  may  pof- 
fibly  contribute  to  any  particular  refult,  I 
fhall  have  occafion  to  notice  my  own  mif- 
takes  with  refpedt  to  conclujions ,  though  all 
the  facts  were  ftridtly  as  I  have  reprefented 

them. 
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them.  But  whilft  philofophers  are  faithful 
narrators  of  what  they  obferve,  no  perfon 
can  juftly  complain  of  being  milled  by 
them  ;  for  to  reafon  from  the  fafts  with 
which  they  are  fupplied,  is  no  more  the 
province  of  the  perfon  who  difcovers  them, 
than  of  him  to  whom  they  are  difcovered. 

One  of  the  moft  fimple  of  all  phlogiftic 
proceffes,  is  that  in  which  metals  are  ignited 
in  dephlogifticated  air.  1  therefore  began 
with  this,  with  a  view  to  afcertain  whether 
any  water  be  produced  when  the  air  is  made 
to  difappear  in  it.  Accordingly,  into  a 
glafs  veffel  containing  feven  ounce  meafures 
of  pretty  pure  dephlogifticated  air,  1  intro¬ 
duced  a  quantity  of  iron  turnings  (which  is 
iron  in  fmall  thin  pieces,  exceedingly  con¬ 
venient  for  thefe  and  many  other  experi¬ 
ments)  having  previoufly  made  them,  toge¬ 
ther  with  the  veffel,  the  air,  and  the  mer¬ 
cury  by  which  it  was  confined  as  dry  as  I 
poffibly  could.  Alfo,  to  prevent  the  air 
from  imbibing  any  moifture,  I  received  it 
immediately  in  the  veflel  in  which  the 
experiment  was  made,  from  the  procefs 

of 
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of  procuring  it  from  red  precipitate;  fo 
that  it  had  never  been  in  contact  with  any 
water. 

I  then  fired  the  iron,  by  means  of  a  burn¬ 
ing  lens,  and  prefently  reduced  the  7  ounce 
meafures  of  air  to  .65  of  a  meafure ;  but  I 
found  no  more  water  after  this  procefs  than 
I  imagined  it  had  not  been  poffible  for  me  to 
exclude,  as  it  bore  no  proportion  to  the  air 
which  had  difappeared.  Examining  the  re¬ 
fid  uum  of  the  air,  I  found  one-fifth  of  it  to 
be  fixed  air,  and  when  I  tried  the  purity  of 
that  which  remained  by  the  teft  of  nitrous 
air,  it  did  not  appear  that  any  phlogifticated 
air  had  been  produced  in  the  procefs ;  for 
though  it  was  more  impure  than  I  fuppofe 
the  air  with  which  I  began  the  experiment 
mult  have  been,  it  was  not  more  fo  than  the 
phlogifticated  air  of  the  7  ounce  meafures, 
wThich  had  not  been  affe&ed  by  the  procefs, 
and  which  mu  ft  have  been  contained  in  the 
refiduum,  would  neceftarily  make  it.  In 
this  cafe  one  meafure  of  this  refiduum  and 
two  of  nitrous  air  occupied  the  fpace  of  .32 
of  a  meafure. 
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In  another  experiment  of  this  kind,  ten 
ounce  meafures  of  dephologifticated  air  were 
reduced  to  .  8  of  a  meafure,  and  by  wafhing  in 
lime  water  to  .38.  In  another  experiment,  in 
which  7  \  ounce  meafures  of  dephlogifticated 
air  were  reduced  to  half  an  ounce  meafure,  of 
which  one- fifth  was  fixed  air,  the  refiduum 
was  quite  as  pure  as  the  air  with  which  I 
began  the  experiment,  the  teft  with  nitrous 
air,  in  the  proportions  above-mentioned,  ' 
giving  .4  in  both  cafes.  To  what  circum- 
ftance  the  difference  might  be  owing  I  can¬ 
not  tell. 

In  thefe  experiments  the  fixed  air  mull, 

I  prefume,  have  been  formed  by  the  union  of 
the  phlogifton  from  the  iron  and  the  de¬ 
phlogifticated  air  in  which  it  was  ignited ; 
but  the  quantity  of  it  was  very  fmall  in  pro¬ 
portion  to  the  air  which  had  difappeared, 
and  at  that  time  I  had  no  fufpicion  that  the 
iron,  which  had  been  melted,  and  gathered 
into  round  balls,  could  have  imbibed  it ;  a 
melting  heat  having  been  fufHcient,  as  I  had 
imagined,  to  expel  every  thing  that  was  cap¬ 
able  of  afluming  the  form  of  air  from  any 
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fubftance  whatever.  I  was  therefore  en¬ 
tirely  at  a  lofs  about  what  muft  have  become 
of  the  air.  .  . 

Senfible,  however,  that  fuch  a  quantity  of 
air  muft  have  been  imbibed  by  Jomething ,  to 
which  it  muft  have  given  a  very  perceivable 
addition  of  weight,  and  feeing  nothing  elfe 
that  could  have  imbibed  it,  it  occurred  to 
me  to  weigh  the  calx  into  which  the  iron 
had  been  reduced ;  and  I  prefently  found, 
that  the  dephlogifticated  air  had  actually 
been  imbibed  by  the  melted  iron,  in  the 
fame  manner  as  inflammable  air,  in  my 
former  experiments,  had  been  imbibed  by 
the  melted  calces  of  metals,  however  im¬ 
probable  fuch  an  abforption  might  have  ap¬ 
peared  to  me  a  priori .  In  the  firft  inftance, 
about  twelve  ounce  meafures  of  dephlogifti¬ 
cated  air  had  difappeared,  and  the  iron  had 
gained  fix  grains  in  weight.  Repeating  the 
experiment  very  frequently,  I  always  found, 
that  other  quantities  of  iron,  treated  in  the 
fame  manner,  gained  fimilar  additions  of 
weight,  which  was  always  very  nearly  that 
of  the  air  which  had  difappeared. 
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This  calx  of  iron,  I  then  concluded,  was 
by  no  means  what  I  had  before  taken  it  to 
be,  viz .  a  pure  calx ,  or  flag,  but  either  the 
calx,  or  the  iron  itfelf,  faturated  with  pure 
air.  This  calciform  fubftance  I  found,  by 
various  experiments,  to  be  the  fame  thing 
with  the  J'cales  that  fly  from  iron  when  it  is 
made  red-hot,  or  the  fubftance  into  which  it 
runs  in  a  very  intenfe  heat,  in  an  open  fire** 

Concluding  from  the  preceding  experi¬ 
ment,  that  iron  fufficiently  heated,  was  cap¬ 
able  of  faturating  itfelf  with  pure  air,  ex¬ 
tracted  from  the  mafs  of  the  atmofphere,  I 
then  proceeded  to  melt  it  with  the  heat  of  a 
burning  lens  in  the  open  air ;  and  I  prefently 
found,  that  perfeCt  iron  was  eafily  fufed  in 
this  way,  and  continued  in  this  fufion  a  cer¬ 
tain  time,  exhibiting  the  appearance  of  boiU 
ing  or  throwing  out  air,  whereas  it  was  on 
the  contrary  imbibing  air  ;  and  when  it  was 
faturated  the  fufion  ceafed,  and  the  heat  of 
my  lens  could  not  make  any  farther  impref- 

*  It  is  alfo  the  fame  thing  with  finery  cinder ,  of  which 
an  account  will  be  given  hereafter. 
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Con  upon  it.  When  this  was  the  cafe,  I 
always  found  that  it  had  gained  weight  in  the 
proportion  of  7!  to  24,  which  is  very  nearly 
one-third,  of  its  original  weight.  The  fame 
was  the  effeCt  when  I  melted  Jleel  in  the 
fame  circumftances,  and  alfo  every  kind  of 
iron  on  which  the  experiment  could  be  tried. 
But  I  have  fome  reafon  to  think,  that  with  a 
greater  degree  of  heat  than  I  could  apply,  the 
iron  might  have  been  kept  in  a  Cate  of  fuCon 
fomewhat  longer,  and  by  that  means  have 
imbibed  more  air,  even  more  than  one-third 
of  its  original  weight. 

There  was  a  peculiar  circumftance  attend¬ 
ing  the  melting  of  caji  iron  with  a  burning 
lens,  which  made  it  impoffible  to  afcertain 
the  addition  that  was  made  to  its  weight, 
and  at  the  fame  time  afforded  an  amufing 
fpedacle  ;  for  the  moment  that  any  quantity 
of  it  was  melted,  and  gathered  into  a  round 
ball,  it  began  to  difperfe  in  a  thoufand  di¬ 
rections,  exhibiting  the  appearance  of  a  molt 
beautiful  Cre-work,  fome  of  the  particles 
flying  to  the  dilfance  of  half  a  yard  from  the 
place  of  fulion ;  and  the  whole  was  attended 
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with  a  confiderable  hiding  noife.  Some  of 
the  largeft  pieces  which  had  been  difperfed 
in  this  manner  I  was  able  to  colled;,  and 
having  fubjeded  them  to  the  heat  of  the 
lens,  they  exhibited  the  fame  appearance  as 
the  larger  mafs  from  which  they  had  been 
fcattered. 

When  I  melted  this  call  iron  in  the  bot¬ 
tom  of  a  deep  glafs  receiver,  in  order  to 
colled  all  the  particles  that  were  difperfed, 
they  firmly  adhered  to  the  glafs,  melting 
it  fuperficially,  though  without  making  it 
crack,  fo  that  it  was  ftill  impoffible  to  col¬ 
led  and  weigh  the  particles.  However,  I 
generally  found  that,  notwithftanding  the 
copious  difperfion,  what  remained  after  the 
experiment  rather  exceeded  than  fell  fhort  of 
the  original  weight  of  the  iron.  Sometimes 
a  piece  of  common  iron,  and  efpecially  fteel, 
would  make  a  little  hiding  in  the  fufion, 
and  a  particle  or  two  would  fly  off;  but 
this  was  never  confiderable*. 

*  On  being  informed  of  the  above-mentioned  pheno¬ 
mena,  Mr.  Watt  concluded,  that  the  bafis  of  the  de- 
phlogifticated  air  united  to  the  phlogifton  of  the  iron,  and 

formed 
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Having  now  procured  what  I  thought  to 
be  a  new  calx  of  iron,  or  a  calx  faturated 
with  pure  air,  I  endeavoured  to  revive  it  by 
making  it  imbibe  inflammable  air,  in  the 
fame  manner  that  I  had  before  made  iron, 
and  various  other  metals,  by  melting  them 
in  a  velfel  containing  inflammable  air.  In 
this  I  fucceeded ;  but  in  the  courfe  of  the 
experiment  a  new  and  very  unexpected  ap¬ 
pearance  occurred.  I  took  a  piece  of  iron 
which  I  had  faturated  with  pure  air,  and 
putting  it  into  a  glafs  velfel  containing  in¬ 
flammable  air,  '  confined  by  water,  threw 
upon  it  the  focus  of  the  lens,  and  pre- 
fently  perceived  the  inflammable  air  to  dif- 
appear,  and  without  thinking  of  any  thing 
efcaping  from  the  calx  of  iron  (which  had 
been  fubje&ed  to  a  greater  heat  before)  I 
imagined  that  I  fhould  have  found  the  addi¬ 
tion  of  the  weight  of  air  in  the  iron,  and  the 
refult  might  be  an  iron  different  from  the 

formed  water ,  which  was  attracted  by,  and  remained  fo 
firmly  united  to  the  calx  of  iron,  as  to  refift  the  effe&s  of 
heat  to  feparatethem. 
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common  fort.  But  I  found,  to  my  furprife, 
that  the  iron  which  had  exhibited  no  new 
appearance  in  this  mode  of  treatment,  had 
loft  weight,  inftead  of  gaining  any.  The 
piece  of  iron  on  which  I  made  this  firft  ex¬ 
periment  weighed  i  ii  grains,  and  ji  ounce 
meafures  of  inflammable  air  had  difappeared 
while  the  iron  had  loft  2f  grains. 

Coniidering  the  quantity  of  inflammable 
air  that  had  difappeared,  viz.  y\  ounce 
meafures,  and  the  dephlogifticated  air  which 
had  been  expelled  from  the  iron,  viz.  21- 
grains,  which  is  equal  to  about  4.1  ounce 
meafures,  I  found  that  they  were  very  nearly 
in  the  proper  proportion  to  faturate  each 
other,  when  decompofed  by  the  eledtric 
fpark,  viz.  two  meafures  of  inflammable  air 
to  one  of  dephlogifticated  air.  I  therefore 
had  now  no  doubt  but  that  the  two  kinds  of 
air  had  united,  and  had  formed  either  fixed 
air  or  water ;  but  which  it  was  I  could  not 
tell,  having  had  water  in  the  receiver  in 
which  the  experiment  was  made,  and  having 
neglected  to  examine  the  ftate  of  the  air  that 
remained,  except  in  a  general  way,  by  which 
Vol,  III.  G  I  found 
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I  found,  that  it  was  ftill,  to  appearance,  as 
inflammable  as  ever. 

With  a  view  to  determine  whether  fixed 
air ,  or  water ,  would  be  the  produce  of  this 
mode  of  combining  inflammable  and  de- 
phlogifticated  air,  I  repeated  the  experiment 
in  a  veffel  in  which  the  inflammable  air  was 
confined  by  mercury,  and  both  the  veffel  and 
the  mercury  had  been  previoufly  made  as  dry 
as  pofiible.  I  had  no  fooner  begun  to  heat 
the  iron,  or  rather  fiagy  in  thefe  circum- 
ftances,  than  I  perceived  the  air  to  diminiih, 
and  at  the  fame  time  the  infide  of  the 
veffel  to  grow  very  cloudy,  with  particles  of 
dew  that  covered  almoft  the  whole  of  it. 
Thefe  particles  by  degrees  gathered  into 
drops,  and  ran  down  the  fides  of  the  veffel 
in  all  places,  except  where  it  was  heated  by 
the  fun-beams  ;  fo  that  it  then  appeared  to 
me  very  evident,  that  water ,  with  or  with¬ 
out  fixed  air,  was  the  produce  of  the  inflam¬ 
mable  air,  and  the  pure  air  let  loofe  from 
the  iron  in  this  mode  of  operation ;  though 
I  was  afterwards  taught  by  Mr.  Watt  to 
corred  this  hypothefis,  and  to  account  for 

this 


to  Air  and  Water *  83 

this  result  in  a  different  manner.  When  I 
had  examined  the  remaining  air,  it  was  as 
inflammable  as  ever,  without  containing  any 
mixture  of  fixed  air  at  all. 

When  I  collected  the  water  which  was  pro* 
duced  in  this  experiment,  by  means  of  a  piece  of 
filtering  paper,  carefully  introduced  to  ablorb 
it,  I  found  it  to  be,  as  nearly  as  poffible,  of 
the  fame  weight  with  that  which  had  been 
loft  by  the  iron  :  and  alfo,  in  every  experi¬ 
ment  of  this  kind,  in  which  I  attended  to 
this  circurnftance,  I  found  that  the  quantity 
of  inflammable  air  which  had  difappeared, 
was  about  double  to  that  of  the  dephlogifti- 
cated  air  fet  loofe  from  the  iron,  fuppofing 
that  weight  to  have  been  reduced  into  air. 
Thus  at  one  time  1  made  a  piece  of  this  flag 
imbibe  5^  ounce  meafures  of  inflammable 
air,  while  it  loft  as  much  as  the  weight  of 
about  3  ounce  meafures  of  dephlogifticated 
air,  and  the  water  collected  weighed  2  grains. 
Another  time  a  piece  of  flag  loft  1.5  grains, 
and  the  water  produced  was  1 .7  grains  ;  but 
perfect  accuracy  is  not  to  be  expected.  I 
fhall  only  mention  one  more  experiment  of 
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this  kind,  in  which  6|  ounce  meafures  of  in¬ 
flammable  air  were  reduced  to  .  9  2  of  an  ounce 
meafure,  and  the  iron  had  loft  2  grains, 
equal  in  weight  to  3.3  ounce  meafures  of 
dephlogifticated  air.  In  all  the  above-men¬ 
tioned  experiments,  the  inflammable  air  was 
that  which  is  produced  by  the  folution  of 
iron  in  acids. 

As  before  I  had  finifhed  this  courfe  of  ex¬ 
periments  I  had  fatisfied  myfelf  that  inflam¬ 
mable  air  always  contains  a  portion  of  wa¬ 
ter,  and  alfo,  that  when  it  has  been  fome 
time  confined  by  water,  it  imbibes  more,  fo 
as  to  be  increafed  in  its  fpecific  gravity  by 
that  means,  I  repeated  the  experiment  with 
inflammable  air  which  had  not  been  con¬ 
fined  by  water,  but  which  was  received  in  a 
vefifel  of  dry  mercury  from  the  veflel  in 
which  it  was  generated ;  but  I  prefently  per¬ 
ceived  that  water  was  produced  in  this  cafe 
alfo,  and  to  appearance  as  copioufly  as  in 
in  the  former  experiment.  Indeed,  the 
quantity  of  water  produced,  which  fo  greatly 
exceeded  the  weight  of  all  the  inflammable 
air,  is  fufficient  to  prove  that  it  mult  have 
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had  fome  other  fource  than  any  conftituent 
part  of  that  air,  or  the  whole  of  it,  together 
with  the  water  contained  in  it,  without 
taking  into  coniideration  the  correfponding 
lofs  of  weight  in  the  iron. 

I  muft  here  obferve,  that  the  iron  flag 
which  I  had  treated  in  this  manner,  and 
which  had  thereby  loft  the  weight  which  it 
had  acquired  by  melting  in  dephlogifticated 
air,  became  perfect  iron  as  at  firft,  and  was 
then  capable  of  being  melted  by  the  burn¬ 
ing  lens  again  ;  fo  that  the  fame  piece  of 
iron  would  ferve  for  thefe  experiments  as 
long  as  the  operator  fhould  chufe.  It  was 
evident,  therefore,  that  if  the  iron  had  loft 
its  phlogifton  in  the  preceding  fufion,  it  had 
acquired  it  again  from  the  inflammable  air 
which  it  had  abforbed ;  and  I  do  not  fee  how 
the  experiment  can  be  accounted  for  in  any 
other  way,  which  neceflarily  implies  the 
reality  of  phlogifton  as  a  conftituent  principle 
in  bodies.  This,  at  leaft,  is  the  moft  natural 
way  of  accounting  for  the  appearances. 

Having  had  this  fuccefs  with  the  calx, 
or  fcales  of  iron ,  I  tried  the  calx  of  copper , 
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or  thofe  fcales  which  fly  from  it  when  it  is 
made  red-hot;  and  I  found  water  produced 
in  the  inflammable  air  in  the  lame  manner 
as  when  I  ufed  the  fcales  of  iron  in  the  fame 
circ um  fiances.  I  alio  had  the  fame  refult 
when  I  revived  precipitate  per  Je  in  inflam¬ 
mable  air  ;  but  having  at  that  time  a  very 
weak  winter’s  fun,  I  could  not  make  the 
experiment  with  fo  much  advantage  as  I 
could  have  wiflied  *. 

Iron,  I  found,  acquired  this  additional 
weight  by  melting  in  an  earthen  retort,  as 
well  as  in  the  open  air  by  the  fun-beams, 
if  it  were  poflible  for  it  to  attract  air,  or 
whatever  elfe  it  is  that  is  the  immediate 
caufe  of  its  additional  weight.  Three 
ounces  of  common  iron  filings,  expofed  to 
a  ftrong  heat  in  an  earthen  retort,  gained 

*  It  will  be  feen  that  when  I  repeated  this  experiment 

to  more  advantage  afterwards,  I  found  no  more  water 

... 

than  might  be  fuppofed  to  have  been  contained,  as  an  ex¬ 
traneous  fubftance,  either  in  the  inflammable  air,  or  the 
red  precipitate  ;  which  makes  a  linking  contrail:  with  the 
experiment  in  which  iron  is  ufed,  and  is  greatly  in  favour 
of  the  do&rine  of  phlogifton. 
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1 1  dwts.  or  264  grains,  and  yet  was  very 
far  from  having  been  completely  fufed. 
Having  a  glafs  tube  communicating  with 
the  retort,  in  order  to  colled:  any  air  that 
the  iron  filings  might  give  out,  I  found 
that  when  they  were  very  hot,  the  water 
afcended  within  the  tube ;  which  fhews 
that  the  iron  was  then  in  a  ftate  of  abforb- 
ing,  and  not  of  giving  out  any  air. 

Seeing  fo  much  water  produced  in  thefe 
experiments  with  inflammable  air,  I  was 
particularly  led  to  reflect  on  the  relation 
which  they  bore  to  each  other,  and  ef- 
pecially  Mr.  Cavendish’s  ideas  011  the 
fubjeCt.  He  had  told  me  that,  notwith- 
ftanding  the  experiments  of  which  I  had 
given  an  account  to  the  Royal  Society,  and 
from  which  I  had  concluded  that  inflam¬ 
mable  air  was  pure  phlogifton,  he  was  per- 
fuaded  that  water  was  eflential  to  the  pro¬ 
duction  of  it,  and  even  entered  into  it  as  a 
conftituent  principle.  At  that  time  I  did 
not  perceive  the  force  of  the  arguments 
which  he  ftated  to  me,  efpecially  as,  in  the 
experiments  with  charcoal,  I  totally  dif- 
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perfed  any  quantity  of  it  with  a  burning 
lens  in  vacuo,  and  thereby  filled  my  receiver 
with  nothing  but  inflammable  air.  I  had 
no  fufpicion  that  the  wet  leather  on  which 
my  receiver  flood  could  have  any  influence 
in  the  cafe,  while  the  piece  of  charcoal  was 
fubjeCt  to  the  intenfe  heat  of  the  lens,  and 
placed  ieveral  inches  above  the  leather,  I 
had  alfo  procured  inflammable  air  from 
charcoal  in  a  glazed  earthen  retort  two 
whole  days  fucceflively,  in  which  it  had 
given  inflammable  air  without  intermifiion. 
Alfo  iron  filings  in  a  gun-barrel,  and  a  gun- 
barrel  itfelf,  had  always  given  inflammable 
air  whenever  I  tried  the  experiment. 

Thefe  circumftances,  however,  deceived 
me,  and  perhaps  would  have  deceived  any 
other  perfon  ;  for  I  did  not  know,  and  could 
not  have  believed,  the  powerful  attraction 
that  charcoal,  or  iron,  appear  to  have  for 
water  when  they  are  intenfely  hot.  They 
will  find,  and  attract  it,  in  the  midft  of  the 
hotteft  fire,  and  through  any  pores  that  may 
be  left  open  in  a  retort ;  and  iron  filings  are 
feldom  fo  dry  as  not  to  have  moifture  enough 
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adhering  to  them,  capable  of  enabling  them 
to  give  a  confiderable  quantity  of  inflam¬ 
mable  air.  But  my  attention  being  now 
fully  awake  to  the  fubjeCt,  I  prefently  found 
that  the  circumftances  above-mentioned  had 
actually  milled  me  ;  I  mean  with  refpeCt  to 
the  conclujion  which  I  drew  from  the  expe¬ 
riments,  and  not  with  refpeCt  to  the  experi¬ 
ments  themfelves,  every  one  of  which,  I 
doubt  not,  will  be  found  to  anfwer,  when¬ 
ever  they  are  tried  by  perfons  of  fufRcient 
lkill  and  properly  attentive  to  all  the  cir¬ 
cumftances. 

Being  thus  apprized  of  the  influence  of 
unperceived  moifture  in  the  production  of 
inflammable  air,  and  willing  to  afeertain  it 
to  my  perfect  fatisfaClion,  I  began  with 
filling  a  gun-barrel  with  iron  filings  in 
their  common  ftate,  without  taking  any 
particular  precaution  to  dry  them,  and  I 
found  that  they  gave  air  as  they  had  been 
ufed  to  do,  and  continued  to  do  fo  many 
hours :  I  even  got  ten  ounce  meafures  of 
inflammable  air  from  two  ounces  of  iron 
filings  in  a  coated  glafs  retort.  At  length, 
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however,  the  production  of  inflammable  air 
from  the  gun-barrel  ceafed  ;  but  on  putting 
water  into  it,  the  air  was  produced  again, 
and  a  few  repetitions  of  the  experiment 
fully  fatisfied  me  that  I  had  been  too  preci¬ 
pitate  in  concluding  that  inflammable  air  is 
pure  phlogifton. 

I  then  repeated  the  experiment  with  the 
charcoal,  making  the  receiver,  the  Hand  on 
which  1  placed  the  charcoal,  and  the  char¬ 
coal  itfelf,  as  dry  and  as  hot  as  poflible,  and 
tiling  cement  inftead  of  a  wet  leather  to  ex¬ 
clude  the  air.  In  thefe  circumftances  I  was 
not  able,  with  the  advantage  of  a  good  fun, 
and  an  excellent  burning  lens,  to  decom- 
pofe  quite  fo  much  as  two  grains  of  the 
piece  of  charcoal,  which  gave  me  ten  ounce 
meafures  of  inflammable  air ;  and  this,  I 
imagine,  was  effected  by  means  of  fo  much 
moilture  as  was  depofited  from  the  air  in 
its  Hate  of  rarefaction,  and  before  it  could 
be  drawn  from  the  receiver.  To  the  pro¬ 
duction  of  this  kind  of  inflammable  air  I 
was  therefore  now  convinced,  that  water  is 
as  necelfarv  as  to  that  from  iron. 
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It  was  in  this  ftate  of  my  experiments 
that  I  received  an  authentic  account  of  thofe 
of  M.  Lavoisier,  on  tranfmitting  water 
through  an  hot  iron  tube,  and  alfo  through 
a  hot  copper  tube  containing  charcoal,  and 
thereby  procuring  large  quantities  of  in- 
flammable  air,  M.  Lavoisier  himfelf  hav¬ 
ing  been  fo  obliging  as  to  fend  me  a  copy 
of  his  Memoir  on  that  fubject.  I  had  heard 
an  account  of  the  experiments  fome  months 
before ;  but  it  was  fo  imperfedl  a  one,  that 
I  own  I  paid  little  attention  to  them.  At 
this  time,  however,  I  was  prepared  to  be 
fufficiently  fen  Able  of  their  value. 

In  my  laft  communications  to  the  Royal 
Society,  it  will  be  feen  that  I  had  tranf- 
mitted  the  vapour  of  feveral  fluid  fubftances 
through  red-hot  earthen  tubes ,  and  thereby 
procured  different  kinds  of  air.  M.  La¬ 
voisier  adopted  the  fame  procefs,  but  ufed 
an  iron  tube ;  and  by  means  of  that  circum- 
ftance  made  a  very  valuable  difcovery  which 
had  efcaped  me.  I  had  indeed  on  one  oc- 
cafion  made  ufe  of  an  iron  tube,  and  tranf- 
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mitted  fteam  through  it ;  but  not  having 
at  that  time  any  view  to  the  production  of 
air,  I  did  not  collect  it  at  all,  contenting 
myfelf  with  obferving  that  water ,  after 
being  made  red-hot,  was  ftill  water,  there 
being  no  change  in  its  fenlible  properties. 
Being  now  farther  inftruCted  by  the  expe¬ 
riment  of  M.  Lavoisier,  I  was  determined 
to  repeat  the  procefs  with  all  the  attention 
I  could  give  to  it ;  but  I  fhould  not  have 
done  this  with  fo  much  advantage,  if  I  had 
not  had  the  afliftance  of  Mr.  Watt,  who 
always  thought  that  M.  Lavoisier’s  ex¬ 
periments  by  no  means  favoured  the  con- 
clufion  that  he  drew  from  them.  As  to 
myfelf,  I  was  a  long  time  of  opinion  that  his 
conclusion  was  juft,  and  that  the  inflam¬ 
mable  air  was  really  furnifhed  by  the  water 
being  decompofed  in  the  procefs.  But 
though  I  continued  to  be  of  this  opinion 
for  fome  time,  the  frequent  repetition  of 
the  experiments,  with  the  light  which  Mr. 
Watt’s  observations  threw  upon  them, 
fatisfied  me  at  length  that  the  inflammable 
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•air  came  principally  from  the  charcoal,  or 
the  iron. 

I  (hall  firft  relate  the  refult  of  the  expe¬ 
riment  that  was  made  with  charcoal,  and 
then  thofe  with  iron  and  other  fubflances, 
in  contact  with  which  (when  they  were  in 
a  ftate  of  fufion,  or  at  lead:  red-hot)  I  made 
fleam,  or  the  vapour  of  other  liquid  fub- 
ftances,  to  pafs.  I  fliall  only  obferve  that, 

*  r  *  ^ 

previous  to  this,  I  began  to  make  the  expe¬ 
riments  with  coated  glafs  tubes,  which  I 
found  to  anfwer  very  well  during  the  pro- 
cefs,  though  they  never  failed  to  break  in 
cooling.  At  length  I  procured  a  tube  of 
copper ,  on  which,  as  M.  Lavoisier  dif- 
covered,  fleam  had  no  effedt ;  and  at  laft  I 
made  ufe  of  earthen  tubes,  with  which 
Mr.  Wedgwood,  that  moft  generous  pro¬ 
moter  of  fcience,  liberally  fupplied  me  for 
the  purpofe ;  and  thefe,  glazed  on  the  out- 

fide  only,  I  find  far  preferable  to  copper. 

/ 

They  are,  indeed,  every  thing  that  1  could 
wifli  for  in  experiments  of  this  kind  ;  the 
reafon  of  which  will  appear  in  my  account 
of  another  courfe  of  experiments,  which  I 
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I  hope  to  lay  before  the  Society  in  due 
time 

The  difpofition  of  the  apparatus,  with 
which  thefe  experiments  were  made,  was 
as  follows  :  The  water  was  made  to  boil 
in  a  glafs  retort,  which  communicated  with 
the  copper  or  earthen  tube  that  contained 
the  charcoal  or  iron,  &c.  and  which,  bein<* 
placed  in  an  horizontal  polition,  was  fur- 
rounded  with  hot  coals.  The  end  of  this 
tube  oppofite  to  the  retort  communicated 
with  the  pipe  of  a  common  worm  tub ,  fuch 
as  is  generally  ufed  in  diftillations,  by  means 
of  which  all  the  fuperfluous  fleam  was  con- 
denfed,  and  collected  in  a  proper  recep¬ 
tacle,  while  the  air  which  had  been  pro¬ 
duced,  and  had  come  along  with  it  through 
the  worm-tub,  was  tranfmitted  into  a 
trough  of  water,  where  proper  velfels  were 
placed  to  receive  it,  and  afcertain  the  quan¬ 
tity  of  it  >  after  which  I  could  examine  the 
quality  of  it  at  leifure  +. 

*  An  account  of  them  is  contained  in  this  volume,  not 
being  thought  o  f  fufficient  importance  to  lay  before  the 
Royal  Society. 

f  The  difpofition  of  this  apparatus  may  be  feen  Fig.  2. 

In 
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In  the  experiment  with  charcoal ,  I  found 
unexpected  difficulties,  and  considerable 
variations  in  the  refult ;  the  proportion  be¬ 
tween  the  charcoal  and  water  expended,  and 
alfo  between  each  of  them  and  the  air  pro¬ 
duced,  not  being  fq  nearly  the  fame  as  I 
imagined  they  would  have  been.  Alfo  the 
quantity  of  fixed  air  that  was  mixed  with 
the  inflammable  air  varied  very  much. 
This  laft  circumftance,  however,  fome  of 
my  experiments  may  ferve  to  explain. 
Whenever  I  had  no  more  water  than  was 
Sufficient  for  the  production  of  the  air. 
there  was  never  any  fenfible  quantity  of 
uncombined  fixed  air  mixed  with  the  in¬ 
flammable  air  from  charcoal..  This  was 
particularly  the  cafe  when  I  produced  the 
air  by  means  of  a  burning  lens  in  an  ex- 
haufted  receiver,  and  alfo  in  an  earthen 
retort  with  the  application  of  an  intenfe 
heat.  I  therefore  prefume,  that  when  the 
fleam  tranfmitted  through  the  hot  tube 
containing  the  charcoal  was  very  copious, 
the  fixed  air  in  the  produce  was  greater 
than  it  would  otherwife  have  been.  The 
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extremes  that  I  have  obferved  in  the  pro¬ 
portion  of  the  fixed  to  the  inflammable  air 
have  been  from  one  twelfth  to  one-fifth  of 
the  whole.  As  I  generally  produced  this 
air,  the  latter  was  the  ufual  proportion  ; 
.and  this  was  exclufive  of  the  fixed  air  that 
was  intimately  combined  with  the  inflam¬ 
mable  air,  and  which  could  not  be  feparated 
from  it  except  by  decompofition  with  de- 
phlogifticated  air;  and  this  combined  fixed 
air  I  fometimes  found  to  be  one-third  of 

j 

the  whole  mafs,  though  at  other  times  not 
quite  fo  much. 

To  afcertain  this,  I  mixed  one  meafure 
of  this  inflammable  air  from  charcoal  (after 
the  uncombined  fixed  air  had  been  fepa¬ 
rated  from  it  by  lime-water)  with  one  mea¬ 
fure  of  dephlogifticated  air,  and  then  fired 
them  by  the  eledtric  fpark.  After  this  I 
always  found  that  the  air  which  remained 
made  lime-water  very  turbid,  and  the  pro¬ 
portion  in  which  it  was  now  diminifhed, 
by  wafhing  in  lime-water,  (hewed  the 
quantity  of  fixed  air  that  had  been  com¬ 
bined  with  the  inflammable.  That  the 
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fixed  air  is  not  generated  in  this  procefs,  is 
evident  from  there  being  no  fixed  air  found 
after  the  explofion  of  dephlogifticated  air  and 
inflammable  air  from  iron*. 

Notwithftanding  the  above-mentioned  va¬ 
riations,  the  lofs  of  weight  in  the  charcoal 
was  always  much  exceeded  by  the  weight 
of  the  water  expended,  which  was  generally 
more  than  double  that  of  the  charcoal ;  and 
this  water  was  intimately  combined  with  the 
air ;  for  when  I  received  a  portion  of  it 
in  mercury,  no  water  was  ever  depofited 
from  it. 

The  experiment  which,  upon  the  whole, 
gave  me  the  moft  fatisfadion,  and  the  parti¬ 
culars  of  which  I  fhall  therefore  recite,  was 

*  When  I  wrote  this  paper,  I  imagined  that  the  fixed 
air,  which  was  found  on  the  decompofition  of  this  inflam¬ 
mable  air  with  dephlogiilicated  air,  had  been  contained 
in  the  inflammable  air.  But  it  will  appear,  in  the  courfe 
of  this  volume,  that  it  muft  have  been  formed  by  the 
union  of  phlogifton  (or  inflammable  air)  and  dephlogifti- 
cated  air,  made  by  the  explofion ;  though  it  is  remarkable 
that  no  fixed  air  is  formed  when  the  inflammable  air  from 
iron  is  ufed. 
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the  following.  Expending  94  grains  of  per¬ 
fect  charcoal  (by  which  I  mean  charcoal 
made  with  a  very  ftrong  heat,  fo  as  to  expel 
all  fixed  air  from  it)  and  240  grains  of 
water,  I  procured  840  ounce  meafures  of  air, 
one-fifth  of  which  was  fixed  air,  and  of  the 
inflammable  part  nearly  one- third  more  ap¬ 
peared  to  be  fixed  air  by  decompofition. 

Receiving  this  kind  of  air  in  a  variety  of 
experiments,  but  not  in  the  preceding  ones 
in  particular  (for  then  I  could  not  have  af- 
certained  the  quantity  of  it)  confifting  of 
fixed  and  inflammable  air  together,  I  found 
fome  variations  in  its  fpecific  gravity,  owing, 
I  imagine,  to  the  different  proportions  of 
fixed  air  contained  in  it ;  but  upon  the 
whole,  I  think,  that  the  proportion  of  14 
grains  to  40  ounce  meafures  is  pretty  near 
the  truth,  when  the  proportion  of  fixed 
air  is  about  one-fifth  of  the  whole.  With 
refpedt  to  the  weight  of  the  inflammable  air 
after  the  fixed  air  was  feparated  from  it,  I 
found  no  great  difference,  and  think  it 
may  be  eftimated  at  8  grains  to  30  ounce 
meafures. 
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Upon  thefe  principles,  the  whole  weight 
of  the  840  ounce  meafures  of  air  will 
be  ------  294  grains 

p-— ■■  ■  ■ « 

that  of  the  charcoal  will  be  94 
that  of  the  water  -  -  240 

334  which,  con- 
fidering  the  nature  of  the  experiment,  will 
perhaps  be  thought  to  be  tolerably  near  to 
that  of  the  air. 

If  the  air  be  analyzed,  the  840  ounce  mea¬ 
fures  will  be.  found  to  contain 


168  of  uncombined  fixed  air  =:  151  grains* 
and  672  impure  inflammable  —  179 


fo  that  the  whole  840  will  weigh 


330 


It  may,  however,  be  fafely  concluded  from 
this  experiment,  and  indeed  from  every 
other  that  I  made  with  charcoal,  that  there 
was  no  more  pure  inflammable  air  produced 
than  the  charcoal  itfelf  may  be  very  well 
fuppofed  to  have  fupplied. 

There  is,  therefore,  no  reafon  for  deferring 
the  old  eftablifhed  hypothefis  of  pblogijton 
on  account  of  thefe  experiments,  fince  the 
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fad:  is  by  no  means  inconfiftent  with  it. 
The  pure  inflammable  air,  with  the  water 
neceflarily  contained  in  it,  would  weigh  no 
more  than  about  30  grains,  while  the  lofs 
of  weight  in  the  charcoal  was  94  grains. 
But  to  this  muft  be  added  the  phlogifton 
contained  in  392  ounce  meafures  of  fixed  air, 
which,  according  to  Mr.  Kir  wan’s  pro¬ 
portion,  will  be  nearly  65  grains,  and  this 
and  the  30  grains  will  be  95  grains. 

The  bails  to  this  fixed  air,  as  well  as  to 
the  inflammable,  muft  have  been  furnifhed 
by  the  water ;  and  from  this  it  may  be  con¬ 
cluded,  that  the  water  muft  have  been  fo 
far  altered  as  to  be  changed  into  fixed  air, 
which  will  be  thought  not  to  be  any  great 
paradox,  if  it  be  confidered  that,  according 
to  the  lateft  difcoveries,  fixed  air  and  water 
appear  to  confift  of  the  fame  ingredients, 
namely,  dephlogifticated  and  inflammable 
air.  However,  in  this  change  of  the  wa¬ 
ter  we  cannot  be  abfolutely  fure  that  the 
fame  proportion  of  the  ingredients  is  con¬ 
tained,  and  therefore  it  cannot  be  abfolutely 
determined  whether  the  inflammable  air 

which 
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which  it  contains  enters  wholly  into  the 
fixed  air,  or  not.  Farther  experiments,  or 
a  careful  comparifon  of  thefe  with  thofe 
made  by  Mr.  Kir  wan  and  others,  may 
perhaps  throw  fome  light  upon  this  fub- 
jeft.  Whether  the  combined  fixed  air 
comes  wholly  from  the  charcoal,  or  whe¬ 
ther  the  charcoal  only  fupplies  the  phlo- 
gifton,  and  the  water  its  bafis,  that  is,  the 
dephlogifticated  air,  deferves  to  be  invef- 
tigated. 

Before  I  conclude  my  account  of  the  ex¬ 
periments  with  charcoal,  I  would  obferve, 
that  there  is  another  on  which  I  place  fome 
dependence,  in  which,  with  the  lofs  of  178 
grains  of  charcoal,  and  528  grains  of  water, 
I  procured  1410  ounce  meafures  of  air,  of 
which  the  laft  portion  (for  I  did  not  exa¬ 
mine  the  reft)  contained  one-fixth  part  of 
uncombined  fixed  air.  This  was  made  in 
an  earthen  tube  glazed  on  the  outfide. 

The  experiments  with  iron  were  more  fa- 
tisfactory  than  thofe  with  charcoal,  being 
fubjeft  to  lefs  variation ;  and  they  by  no  means 
require  us  to  fuppofe  that  the  inflammable 
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air  comes  from  the  water ,  but  only  from 
the  iron ,  as  the  quantity  of  water  expend¬ 
ed,  deducting  the  weight  of  the  air  pro¬ 
duced,  was  as  nearly  as  could  be  expected  in 
experiments  of  this  kind,  found  in  the  ad¬ 
dition  of  weight  gained  by  the  iron.  And 
though  the  inflammable  air  procured  in  this 
procefs  is  between  one-third  and  one-half 
more  than  can  be  procured  from  iron  by  a 
folution  in  acids,  the  reafon  may  be,  that 
much  phlogifton  is  retained  in  the  folutions, 
and  therefore  much  more  may  be  expelled 
from  iron,  when  pure  water,  without  any 
acid,  takes  the  place  of  it.  I  would  further 
obferve,  that  the  produce  of  air,  and  alfo  the 
addition  of  weight  gained  by  the  iron,  are 
much  more  eafily  afcertained  in  thefe  experi¬ 
ments  than  the  quantity  of  water  expended 
in  them,  on  account  of  the  great  length  of 
the  veflels  ufed  in  the  procefs,  and  the  dif¬ 
ferent  quantities  that  may  perhaps  be  re¬ 
tained  in  the  worm  of  the  tub;  though  I  did 
not  fail  to  ufe  all  the  precautions  that  I 
could  think  of,  to  guard  againfl  any  variation 
on  thefe  accounts. 
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Of  the  many  experiments  which  1  made 
with  iron,  I  {hall  content  myfelf  with  re¬ 
citing  the  following  refults.  With  the  ad* 
dition  of  26 7  grains  to  a  quantity  of  iron, 
and  the  lofs  of  336  grains  of  water,  I  pro¬ 
cured  840  ounce  meafures  of  inflammable 
air  5  and  with  the  addition  of  140  grains  to 
another  quantity  of  iron,  and  the  confump- 
tion  of  254  grains  of  water,  1  got  420  ounce 
meafures  of  air^. 

The  inflammable  air  produced  in  this 
manner  is  of  the  lighted:  kind,  and  free  from 
that  very  ojfenjive  fmell  which  is  generally 
occafioned  by  the  rapid  folution  of  metals  in 
oil  of  vitriol,  and  it  is  extricated  in  as  little 
time  in  this  way  as  it  is  poflible  to  do  it  by 
any  mode  of  folution.  On  this  account  it 
occurred  to  me,  that  it  muft  be  by  much  the 

*  If  the  perfedt  accuracy  of  the  former  of  thefe  experi¬ 
ments  may  be  depended  on  (and  it  may  always  be  pre¬ 
fumed,  that  thofe  in  which  little  water  is  expended  are 
preferable  to  thofe  in  which  more  is  confumed)  the  water 
that  neceflarily  enters  into  this  kind  of  inflammable  air  is 
about  equal  in  weight  to  the  phlogijlon  that  is  in  it.  But 
I  propofe  to  give  more  particular  attention  to  this  fubjedf; 

H  4  cheapeft 


1 04  Experiments  relating 

cheapefl  method  that  has  yet  been  ufed  of 
filling  balloons  with  the  lighted:  inflammable 
air.  For  this  purpofe  it  will  be  proper  to 
make  ufe  of  caft-iron  cylinders  of  a  confider- 
able  length,  and  about  three  or  four  inches, 
or  perhaps  more,  in  diameter.  Though  the 
iron  tube  itfelr  will  contribute  to  the  produc¬ 
tion  of  air,  and  therefore  may  become  unfit 
for  the  purpofe  in  time ;  yet,  for  any  thing 
that  I  know  to  the  contrary,  the  fame  tube 
may  ferve  for  a  very  great  number  of  pre¬ 
cedes,  and  perhaps  the  change  made  in  the 

% 

infide  furface  may  protect  it  from  any  farther 
adtion  of  the  water,  if  the  tube  be  of  fuffi- 
cient  thicknefs ;  but  this  can  only  be  deter¬ 
mined  by  experiment. 

Some  eftimate  of  what  may  be  expedted 
from  this  method  of  procuring  inflammable 
air  may  be  formed  from  the  following  ob- 
fervations.  About  twelve  inches  in  length 
of  a  copper  tube,  three-fourths  of  an  inch  in 
diameter,  filled  with  iron  turnings  (which 
are  more  convenient  for  this  purpofe  than 
iron  filings ,  as  they  do  not  lie  fo  clofe,  but 
admit  the  fleam  to  pafs  through  their  inter- 
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flices)  when  it  was  heated,  and  a  fufficient 
quantity  of  fleam  palled  through  it,  yielded 
thirty  ounce  meafures  of  air  in  fifty  feconds ; 
and  eighteen  inches  of  another  copper  tube, 
an  inch  and  a  quarter  in  diameter,  filled 
and  treated  in  the  fame  manner,  gave  two 
hundred  ounce  meafures  in  one  minute  and 
twenty- five  feconds  5  fo  that  this  larger  tube 
gave  air  in  proportion  to  its  folid  contents 
compared  with  the  fmailer ;  but  to  what 
extent  this  might  be^depended  upon  I  cannot 
tell.  However,  as  the  heat  penetrates  fo 
readily  to  fome  dillance,  the  rate  of  giving  air 
will  always  be  in  a  greater  proportion  than 
that  of  the  fimple  diameter  of  the  tube. 

The  following  experiment  was  made  with 
a  view  to  afeertain  the  quantity  of  inflam¬ 
mable  air  that  may  be  procured  in  this  way 
from  any  given  quantity  of  iron.  Two 
ounces  of  iron,  or  960  grains,  when  diffolved 
in  acids,  will  yield  about  800  ounce  mea¬ 
fures  of  air ;  but  treated  in  this  manner  it 
yielded  1054  ounce  meafures,  and  then  the 
iron  had  gained  329  grains  in  weight,  which 

is 
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is  little  fhort  of  one-third  of  the  weight  of 
the  iron. 

Confidering  how  little  this  inflammable 
air  weighs,  viz*  the  whole  1054  ounce  mea- 
fures  not  more  than  63  grains,  and  the  dif¬ 
ficulty  of  afcertaining  the  lofs  of  water  to  fo 
fmall  a  quantity  as  this,  it  is  not  poflible  to 
determine,  from  a  procefs  of  this  kind,  how 
much  water  enters  into  the  compofltion  of 
the  inflammable  air  of  metals.  It  would  be 
more  eafy  to  determine  this  circumftance 
with  refpedl  to  the  inflammable  air  of  char¬ 
coal,  efpecially  by  means  of  the  experiment 
made  with  a  burning  lens  in  vacuo .  In  this 
method  two  grains  of  charcoal  gave  at  a 
medium  thirteen  ounce  meafures  of  inflam¬ 
mable  air,  which,  in  the  proportion  of  30 
ounce  meafures  to  8  grains,  will  weigh  3.3 
grains ;  fo  that  water  in  the  compofltion  of 
this  kind  of  inflammable  air  is  in  the  pro¬ 
portion  of  1.3  to  2,  though  there  will  be 
fome  difficulty  with  refped:  to  the  fixed  air 
intimately  combined  with  this  kind  of  in¬ 
flammable  air. 
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Since  iron  gains  the  fame  addition  of 
weight  by  melting  in  dephlogijiicated  air ,  and 
alfo  by  the  addition  of  water  when  red-hot, 
and  becomes,  as  I  have  already  obferved,  in 
all  refpeCts  the  fame  fubftance,  it  is  evident, 
that  this  air  or  water ,  as  exifting  in  the  iron, 
is  the  very  fame  thing ;  and  this  can  hardly 
be  explained  but  upon  the  fuppofition  that 
water  confifts  of  two  kinds  of  air,  viz.  in¬ 
flammable  and  dephlogifticated.  I  fhall  en¬ 
deavour  to  explain  thefe  proceffes  in  the  fol¬ 
lowing  manner. 

When  iron  is  melted  in  dephlogifticated 
air,  we  may  fuppofe  that,  though  part  of  its 
phlogifton  efcapes,  to  enter  into  the  com- 
pofltion  of  the  fmall  quantity  of  fixed  air 
which  is  then  procured,  yet  enough  remains 
to  form  water  with  the  addition  of  the  dephlo¬ 
gifticated  air  which  it  has  imbibed,  fo  that 
this  calx  of  iron  confifts  of  the  intimate 
union  of  the  pure  earth  of  iron  and  of  water ; 
and  therefore  when  the  fame  calx,  thus  fa- 
turated  with  water,  is  expofed  to  heat  in  in¬ 
flammable  air,  this  air  enters  into  it,  deftroys 
the  attraction  between  the  water  and  the 

earth, 
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earth,  and  revives  the  iron,  while  the  water 
is  expelled  in  its  proper  form. 

Confequently,  in  the  procefs  with  Jieam , 
nothing  is  neceffary  to  be  fuppofed  but  the 
entrance  of  the  water,  and  the  expulfion  of 
the  phlogifton  belonging  to  the  iron,  no 
more  phlogifton  remaining  in  it  than  what 
the  water  brought  along  with  it,  and  which 
is  retained  as  a  conflituent  part  of  the  water, 
or  of  the  new  compound. 

Having  procured  water  from  the  fcales  of 
iron  (which  I  muft  again  obferve  is,  in  all 
refpects,  the  fame  fubftance  with  iron  melted 
in  dephlogiflicated  air,  or  faturated  with 
fteam  by  means  of  heat)  and  having  thereby 
converted  it  into  perfect  iron  again,  I  did  not 
entertain  a  doubt  but  that  I  fhould  be  able 
to  produce  the  fame  effedl  by  heating  it  with 
charcoal  in  a  retort ;  and  I  had  likewife  no 
doubt  but  I  fhould  be  able  to  extradl  the 
additional  weight  which  the  iron  had  gained 
{viz.  one-third  of  the  whole)  in  water.  In 
the  former  of  thcfe  conjedtures  I  was  right ; 
but  with  refpedt  to  the  latter,  I  was  totally 
miftaken. 

Having 
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Having  made  the  fcales  of  iron,  and  alfo 
the  powder  of  charcoal  very  hot,  previous  to 
the  experiment,  fo  that  I  was  fatisfiedllmt 
no  air  could  be  extracted  from  either  of 
them  feparately  by  any  degree  of  heat,  and 
having  mixed  them  together  while  they 
were  hot,  I  put  them  into  an  earthen  retort, 
glazed  within  and  without,  which  was  quite 
impervious  to  air.  This  I  placed  in  a  fur¬ 
nace,  in  which  I  could  give  it  a  very  flrong 
heat ;  and  connected  with  it  proper  veffels 
to  condenfe  and  colleCt  the  water  which  I 
expected  to  receive  in  the  courfe  of  the 
procefs.  But,  to  my  great  furprife,  not  one 
particle  of  moijlure  came  over,  but  a  prodi¬ 
gious  quantity  of  air>  and  the  rapidity  of  its 
production  aftonifhed  me  $  fo  that  I  had  no 
doubt  but  that  the  weight  of  the  air  would 
have  been  equal  to  the  lofs  of  weight  both 
in  the  fcales  and  in  the  charcoal  y  and  when 
I  examined  the  air,  which  I  repeatedly  did, 
I  found  it  to  contain  one-tenth  of  fixed  air, 
and  the  inflammable  air,  which  remained 
when  the  fixed  air  was  feparated  from  it, 
was  of  a  very  remarkable  kind,  being  quite 
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as  heavy  as  common  air.  The  reafon  of 
this  was  fufficiently  apparent  when  it  was 
decompofed  by  means  of  dephlogifticated 
air  ;  for  the  greateft  part  of  it  was  fixed  air. 

The  theory  of  this  procefs  I  imagined  to 
be,  that  the  phlogifton  from  the  charcoal 
reviving  the  iron,  the  water  with  which  it 
had  been  faturated,  being  now  fet  loofe, 
affected  the  hot  charcoal  as  it  would  have 
done  if  it  had  been  applied  to  it  in  the  form 
of  Jleam  as  in  the  preceding  experiments ; 
and  therefore  the  air  produced  in  thefe  two 
different  modes  have  a  near  refemblance  to 
each  other,  each  containing  fixed  air,  both 
combined  and  uncombined,  though  in  dif¬ 
ferent  proportions ;  and  in  both  the  cafes  I 
found  thefe  proportions  fubjedt  to  variations, 
in  one  procefs  with  charcoal  and  feales  of 
iron,  the  firft  produce  contained  one-fifth  of 
uncombined  fixed  air,  the  middle  part  one- 
tenth,  and  the  laft  none  at  all.  But  in  all 
thefe  cafes  the  proportion  of  combined  fixed 
air  varied  very  little. 

Why  air  and  not  ivater  fhould  be  pro¬ 
duced  in  this  cafe,  as  well  as  in  the  preced¬ 
ing. 
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ing,  when  the  iron  is  equally  revived  in 
both,  I  do  not  pretend  perfectly  to  under- 
ftand,  There  is,  indeed,  an  obvious  dif¬ 
ference  in  the  circumftances  of  the  two  ex¬ 
periments  ;  as  in  that  with  charcoal  the 
phlogifton  is  found  in  a  combined  flats  ; 
whereas  in  that  of  inflammable  air,  it  is 
loofe,  or  only  united  to  water  ;  and  perhaps 
future  experiments  may  difcover  the  opera¬ 
tion  of  this  circumflance*. 

*  This  experiment  Teems  to  be  decisive  againft  the  hy- 
pothefis  of  Mr.  Lavoisier,  and  others,  who  fay  that  the 
inflammable  air  procured  by  means  of  iron  and  charcoal 
comes  from  the  water,  and  who  think  that  by  this  means 
they  can  exclude  phlogifton.  For,  according  to  them, 
neither  the  fcales  of  iron,  nor  the  charcoal,  contain  phlo¬ 
gifton,  or  any  thing  from  which  inflammable  air  can  be 
made,  but  are  merely  fubftances  capable  of  imbibing  pure 
air,  and  thereby  fetting  at  liberty  the  inflammable  air  con¬ 
tained  in  the  water.  As  to  the  fcales  of  iron,  they  were 
only  iron  faturated  with  dephlogifticated  air.  But  had 
this  been  the  cafe,  there  was  nothing  in  either  of  the  ma¬ 
terials  made  ufe  of  in  this  experiment  from  which  the  in¬ 
flammable  air  could  poflibly  come,  there  being  no  water 
contained  in  either  of  them.  But  fuppofing  the  reality  of 
phlogifton,  and  itsconftitutingapartof  metals,  of  charcoal, 
and  of  inflammable  air,  the  experiment  is  very  intelligible. 

i  There 
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There  is  fome  analogy  between  the  ex¬ 
periment  of  the  calx  of  iron  imbibing  in¬ 
flammable  air,  and  the  iron  itfelf  imbibing 
dephlogifticated  air.  In  the  former  cafe 
water  is  produced,  and  in  the  latter fixed  air . 
However,  this  cafe  of  iron  imbibing  de¬ 
phlogifticated  air,  more  nearly  refembles 
the  cafe  of  the  blood  in  the  lungs  imbibing 
the  fame  kind  of  air,  and  in  both  the  cafes 
as  dephlogifticated  air  is  imbibed,  fixed  air 
is  formed.  This,  therefore,  feems  to  be  a 
confirmation  of  the  conclufion  which  I 
drew  from  my  former  experiments  on  blood, 
viz.  that  it  parts  with  phlogifton  in  refpira- 
tion.  Only  I  would  now  add,  that  at  the 
fame  time  that  it  parts  with  phlogifton  it 
takes  in  dephlogifticated  air,  which  makes 
the  cafe  perfectly  fimilar  to  that  of  the  ex¬ 
periment  with  iron ,  which  likewife  parts 
with  phlogifton  to  form  fixed  air,  at  the 
fame  time  that  it  imbibes  dephlogifticated 
air  in  contact  with  which  it  is  fufed. 

I  propofe  to  referve  for  a  future  commu¬ 
nication  the  continuation  of  thefe  expert 
ments,  containing  an  account  of  the  appli- 
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cation  of  the  fame  procefs  to  other  fub- 
ftances ;  but  it  may  not  be  amifs  juft  to 
mention  a  few  of  the  general  ref ults,  and 
thofe  which  have  the  neareft  connexion 
with  the  experiments  recited  above. 

After  having  tranfmitted  ft  earn  in  contadl 
with  charcoal  and  iron  in  a  copper  tube,  I 
propofed  to  do  the  fame  with  other  fub- 
ftances  containing  phlogifton,  and  I  began 
with  hones ,  which  were  burnt  black,  and 
had  been  fubjefted  to  an  intenfe  heat,  co¬ 
vered  with  fand,  in  an  earthen  retort.  From 
three  ounces  of  bones  thus  prepared,  and 
treated  as  I  had  done  the  charcoal,  I  got 
840  ounce  meafures  of  air,  with  the  lofs  of 
288  grains  of  water.  The  bones  were  by 
this  means  made  perfectly  white,  and  had 
loft  1 10  grains  of  their  weight.  As  the  air 
ceafed  to  come  a  confiderable  time  before 
all  the  water  had  been  tranfmitted  through 
the  tube  containing  them,  I  concluded  that 
the  air  was  formed  from  the  phlogifton 
contained  in  the  bones,  and  fo  much  wa¬ 
ter  as  was  neceflary  to  give  it  the  form 
of  air. 

Vol.  III.  I  This 
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This  air  differs  confiderably  from  any 
other  kind  of  inflammable  air,  being  in  fe- 
veral  refpedls  a  medium  between  that  from 
charcoal  and  that  from  iron.  It  contains 
about  one-fourth  of  its  bulk  of  uncombined 
fixed  air,  but  not  quite  one-tenth  intimately 
combined  with  the  remainder.  The  water 
that  came  over  was  blue,  and  pretty  flrongly 
alkaline,  which  muft  have  been  occafioned 
by  the  volatile  alkali  not  having  been  in- 
tirely  expelled  from  the  bones  in  the  former 
procefs,  and  its  having  in  part  diffolved  the 
copper  of  the  tube  in  which  the  experiment 
was  made. 

I  fubjebted  to  the  fame  procefs  a  variety 
of  fubflances  that  are  faid  not  to  contain 
phlogifton,  but  I  was  never  able  to  procure 
inflammable  air  by  means  of  them  ^  which 
ftrengthens  the  hypothefis  of  the  principal 
element  in  the  conftitution  of  this  air  hav¬ 
ing  been  derived  from  the  fubflance  fup- 
pofed  to  contain  phlogifton,  and  therefore 
that  phlogifton  is  a  real  fubflance  capable 
of  afi timing  the  form  of  air  by  means  of 
water  and  heat. 


The 
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The  experiments  above-mentioned  relat¬ 
ing  to  iron  were  made  with  that  kind 
which  is  malleable ;  but  I  had  the  fame  re- 
fult  when  I  made  ufe  of  fmall  nails  of  cajl 
iron ,  except  that  thefe  were  firmly  faflened 
together  after  the  experiment,  the  furfaces 
of  them  being  cryitallized,  and  the  cryflals 
mixing  with  each  other,  fo  that  it  was 
with  great  difficulty  that  they  could  be  got 
out  of  the  tube  after  the  experiment  -P  and 
in  general  the  folid  parts  of  the  nails  were 
broken  before  they  were  feparated  from  each 
other.  Indeed  the  pieces  of  malleable  iron 
adhered  together  after  the  experiment,  but 
by  no  means  fo  firmly. 

Caff  iron  annealed  (by  being  kept  red-hot 
in  charcoal)  is  remarkably  different  from 
the  call  iron  which  has  not  undergone  that 
operation,  efpecially  in  its  being,  to  an  ex¬ 
traordinary  degree,  more  foiuble  in  acids. 
With  the  turnings  of  annealed  cafl  iron  I 
made  the  following  experiment.  From  960 
grains  of  this  iron,  and  with  the  lofs  of  4.80 
grains  of  water,  I  got  870  ounce  meafures 
of  inflammable  air,  and  tranfmitting  fleam 
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through  them  a  fecond  time,  I  got  150 
ounce  meafures  more.  The  iron  had  then 
gained  246  grains  in  weight,  and  the  pieces 
adhered  firmly  together ;  but  being  thin 
they  were  eaiily  broken  and  got  out  of  the 
tube,  whereas  it  had  required  a  long  time, 
and  a  fharp  fteel  inllrument,  to  clear  the 
tube  of  the  caff-iron  nails. 

Willing  to  try  the  effeCt  of  heating  iron, 
and  ether  fubftances,  in  all  the  different 
kinds  of  air,  without  any  particular  expecta¬ 
tion,  I  found  that  iron  melted  more  readily 
in  vitriolic  acid  air  than  in  dephlogiflicated 
air,  the  air  was  diminifhed  as  rapidly,  and 
the  infide  of  the  veffel  was  covered  with  a 
black  footy  matter ,  which  when  expofed  to 
heat,  readily  fublimed  in  the  form  of  a  white 
vapour,  and  left  the  glafs  quite  clean.  The 
iron,  after  the  experiment,  was  quite  brittle, 
and  mull,  I  prefume,  be  the  fame  thing 
with  iron  that  is  fulphuratea ;  but  I  did  not 
particularly  examine  it.  Of  feven  ounce 
meafures  of  vitriolic  acid  air,  in  one  of  thefe 
experiments,  not  more  than  three-tenths  of 
an  ounce  meafure  remained ;  of  this  two- 
1  thirds 
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thirds  was  fixed  air,  and  the  refiduum  of 
this  was  inflammable.  I  had  put  three  of 
fuch  refiduums  together,  in  order  to  make 
the  experiment  with  the  greater  certainty. 

Having  tranfmitted  fleam,  or  the  vapour 
of  water,  through  a  copper  tube,  I  was  wil¬ 
ling  to  try  the  effects  of  fpirit  of  wine 
through  the  fame  tube  when  red-hot,  having 
before  procured  inflammable  air  by  fending 
the  fame  vapour  through  a  red-hot  tobacco- 
pipe.  In  this  cafe,  the  vapour  of  the  fpirit 
of  wine  had  no  fooner  entered  the  hot 
copper  tube,  than  I  was  perfectly  aftonifhed 
at  the  rapid  production  of  air.  It  refembled 
the  blowing  of  a  pair  of  bellows.  But  I 
had  not  ufed  four  ounces  of  the  fpirit  of  wine 
before  I  very  unexpectedly  found,  that  the 
tube  was  perforated  in  feveral  places ;  and 
prefently  afterwards  it  was  fo  far  deftroyed, 
that  in  attempting  to  remove  it  from  the 
fire  it  actually  fell  in  pieces.  The  infide 
was  full  of  a  black  footy  matter  refembling 
lamp-black. 

Upon  this  I  had  recourfe  to  earthen  tubes , 
and  found,  that  by  melting  copper  and 
ether  metals  in  them,  and  tranfmitting  the 

I  3  vapour 
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vapour  of  fpirit  of  wine  in  contad  with 
them,  different  fubftances  were  formed  ac¬ 
cording  to  the  metals  employed.  The  new 
fubftances  hereby  formed  may  be  faid  to 
be  the  feveral  metals  fuper-faturated  with 
phlogifton*  and  may  perhaps  not  be  im¬ 
properly  called  the  charcoal  of  the  metals . 

That  this  appellation  is  not  very  impro¬ 
per,  may  appear  from  thefe  fubftances  yield¬ 
ing  inflammable  air  very  copioully  when 
they  are  made  red-hot,  and  the  ftearn  of 
water  is  tranfmitted  in  con  tad:  with  them, 
juft  as  when  the  charcoal  of  wood  is  treated 
in  the  fame  manner.  The  detail  of  thefe 
experiments  I  referve  for  another  communi¬ 
cation,  as  alfo  thofe  of  the  converfion  of 
fpirit  of  wine ,  aether ,  and  oil,  into  different 
kinds  of  inflammable  air,  by  tranfmitting 
them,  in  vapour,  through  hot  earthen 
tubes.  In  the  mean  time,  I  fhall  think 
myfelf  happy  if  the  communication  of  the 
preceding  experiments  fhall  give  any  fatift* 
fadion  to  the  Members  of  the  Society*. 

*  An  account  of  thefe  experiments  will  be  found  in  the 
prefent  volume.  They  were  not  completed  foon  enough 
to  fend  to  the  Society  before  the  publication  of  this  volume. 

POST. 
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BEFORE  I  clofe  this  paper,  I  with 
to  make  a  few  general  inferences  from  the 
principal  of  the  experiments  above-men¬ 
tioned,  efpecially  relating  to  the  propor¬ 
tional  quantity  of  phlogifton  contained  in 
iron  and  water . 

When  any  quantity  of  iron  is  melted  in 
dephlogifticated  air,  it  imbibes  the  greateft 
part  of  it,  and  gains  an  addition  of  weight 
very  nearly  equal  to  that  of  the  air  imbibed. 
Thus  the  abforption  of  twelve  ounce  mea- 
fures  of  dephlogifticated  air  gave  an  addition 
of  fix  grains  to  the  piece  of  iron  which  had 
been  melted  in  it.  But  there  was  always  a 
quantity  of  fixed  air  produced  in  this  pro- 
cefs ;  and  on  the  fuppofition  that  this  air 
confifts  of  the  union  of  dephlogifticated  and 
inflammable  air,  it  proves  that  the  dephlo¬ 
gifticated  air  which  enters  the  iron  expels 
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more  phlogifton  than  is  neceffary  to  confti- 
tute  an  equal  weight  of  water,  fo  that  water 
does  not  contain  fo  much  phlogifton  as  iron  • 
but  the  difference  is  not  very  confiderable. 

Admitting  Mr.  Kirwan’s  conclufion, 
viz.  that  ioo  cubic  inches  of  fixed  air  con¬ 
tain  8,35  7  grains  of  phlogifton,  the  .  1 3  of  an 
ounce  meafure  of  fixed  air,  which  (in  an  ex¬ 
periment  recited  in  thefe  papers)  was  found 
in  the  refid uum  of  feven  ounce  meafures  of 
dephlogiftieated  air  abforhed  by  iron,  would 
not  have  contained  more  than  .01  of  a  grain 
of  phlogifton,  or  about  .16  of  an  ounce  mea¬ 
fure  of  inflammable  air.  Then,  as  the 
abforption  of  12  ounce  meafures  of  dephlo- 
gifticated  air  occafioned  an  addition  of  6 
grains  to  the  weight  of  the  iron  which  had 
abforbed  it,  the  abforption  of  feven  ounce 
meafures  muft  have  occafioned  the  addition 
of  3.5  grains  to  the  iron  which  had  imbibed 
it.  But  the  fame  addition  of  weight  to  iron 
given  by  Jham  (which  carries  its  own  in- 
flammable  air  along  with  it)  would  have  ex¬ 
pelled  near  1 2  ounce  meafures  of  inflamma¬ 
ble  air;  confequently,  about  10  ounce  mea* 

fures 
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fares  of  inflammable  air  (or  the  phlogifton 
requifite  to  form  it)  muft,  in  the  former  ex¬ 
periment,  have  been  retained  in  the  iron,  in 
order  to  compofe  the  water  which  was  now 
made  by  the  union  of  the  dephlogifticated  air 
imbibed  by  the  iron  and  the  phlogifton  con- 
tained  in  it :  and  therefore  the  proportion 
between  the  quantity  of  phlogifton  in  iron 
to  that  which  is  contained  in  an  equal 
weight  of  water,  may  be  about  1 2  to  1  o,  or 
more  accurately  to  10.4. 

Had  no  fixed  air  at  all  been  found  in  the 
refiduum  above-mentioned,  it  might  have 
been  concluded,  that  water  had  contained  the 
very  fame  proportion  of  phlogifton  with 
iron.  Since  when  iron  that  has  been  fa- 
turated  with  dephlogifticated  air  is  heated 
in  inflammable  air  (in  which  procefs  an 
equal  weight  of  water  is  produced,  and  the 
lofs  of  weight  in  the  iron  is  equal  to  that 
of  fuch  a  quantity  of  dephlogifticated  air  a* 
would  have  been  one-half  of  the  bulk  of  the 
inflammable  air  which  difappears  in  that 
procefs)  it  might  have  been  concluded,  that 

one- 
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one-fifth  of  any  quantity  of  water  had  been 
inflammable  air. 

For,  neglefting  the  difference  between  the 
weight  of  dephlogifticated  and  common  air, 
which  is  not  confiderable,  and  eflimating: 
the  latter  at  slo th  part  that  of  water,  and  in¬ 
flammable  air  at  one-tenth  of  the  weight  of 
common  air,  an  ounce  meafure  of  dephlogif¬ 
ticated  air  will  weigh  .6  of  a  grain,  and  two 
ounce  meafures  of  inflammable  air  will 
weigh  .12  of  a  grain,  which  numbers  are  to 
each  other  as  5.  to  1 

*  It  appears  from  the  profecution  of  thefe  experiments, 
that  the  water  which  is  found  on  heating  the  fcales  of 
iron  in  inflammable  air,  is  not  formed  by  the  dephlogifti- 
cated  air  expelled  from  them  uniting  with  the  inflammable 
air  in  the  veflel,  but  was  the  water  previoufly  contained  in 
the  fcales,  which  is  made  to  quit  its  place  by  the  introduc¬ 
tion  of  the  phlogifton  from  the  inflammable  air  ;  yet 
that  water  carries  out  with  it  not  much  lefs  phlogifton 
than  was  taken  in  by  the  iron,  and  a  little  more  muff  be 
allowed  for  that  water  which  was  neceflary  to  make  in¬ 
flammable  air,  and  which  could  not  enter  the  iron  when 
it  was  revived  ;  fo  that,  on  the  whole,  the  phlogifton  in 
the  water  that  is  found  after  the  procefs  muft  be  very 
nearly  the  fame  quantity  that  is  imbibed  by  the  iron,  and 

the 
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Though,  in  confequence  of  the  final! 
quantity  of  fixed  air  which  is  found  in  the 
procefs  of  melting  iron  in  dephlogifticated 
air,  this  conclufion  is  not  accurate,  it  is 
pretty  nearly  fo ;  and  it  is  remarkable  that, 
upon  this  fuppofition,  about  as  much  inflam¬ 
mable  air  is  expelled  from  iron  when  water 
is  combined  with  it,  as  the  water  itfelf 
brings  along  with  it,  as  an  eifential  ingre¬ 
dient  in  its  compofition.  For  in  one  expe¬ 
riment  296  grains  added  to  the  weight  of  a 
quantity  of  iron  by  fleam,  made  it  to  yield 
about  1000  ounce  meafures  of  inflammable 
air.  This  would  weigh  60  grains,  and  one- 
fifth  of  the  296  grains  of  water  will  be  59.2 

j* 

grains.  Again,  267  grains  added  to  iron  by 
fleam  made  it  to  yield  840  ounce  meafures 
of  inflammable  air,  which  would  weigh 
50.4  grains,  and  one-fifth  of  the  267  would 
he  53 *4  grains. 

the  water  is  nearly  the  fame  that  would  have  been  pro¬ 
duced,  on  the  fuppofition  of  its  being  made  from  dephlo- 
gifticatcd  air  expelled  from  the  fcales  uniting  with  the  in¬ 
flammable  air  in  the  veflel. 


When 
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When  the  experiments  on  the  melting  of 
iron  in  dephlogifticated  air  fhall  be  repeated 
on  a  larger  fcale,  which  it  will  not  be  diffi¬ 
cult  to  do  by  the  help  of  a  larger  burning 
lens  than  I  am  at  prefent  pofiefled  of,  it  will 
be  eafy  to  reduce  thefe  calculations  to  a 
a  greater  certainty.  All  that  I  can  do  at 
prefent  is.  to  approximate  to  fuch  general 
conclufions  as  I  have  mentioned  ;  but  they  are 
of  fo  much  confequence  in  philofophy,  that 
it  will  certainly  be  well  worth  while  to  afcer- 
tain  them  with  as  much  accuracy  as  poffible. 
Nice  calculations  would  be  ill  bellowed  on 
the  imperfect  data  which  I  am  as  yet  able  to 
furnifh.  Attention  mull  alfo  be  given  to  the 
quantity  of  water  contained  in  inflammable 
air  from  iron ;  which  not  being  yet  afcer- 
tained  is  not  confldered  in  thefe  inferences. 
I  wifh  only  to  hint  in  this  Poftfcript,  that 
fome  important  conclufions  feem  to  be  nearly 
within  our  reach. 
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SECTION  IV. 

Farther  Obfervations  relating  to  the  Compo « 

fition  of  IV ater . 


THAT  dephlogifticated  and  inflamma¬ 
ble  air,  at  lead:  with  the  element  of 
heat ,  conftitute  water ,  feems  to  be  clearly 
inferred  from  the  experiments  in  the  pre¬ 
ceding  fe&ion.  Some  difficulties,  however, 
have  occurred  refpedting  this  theory,  from 
my  fubfequent  experiments,  which  I  fhall 
propofe  with  the  fame  fidelity  as  I  have  done 
thofe  which  favour  the  hypothelis.  But  as 
I  mean  to  throw  into  this  fe&ion  all  the 
obfervations  that  I  have  made  upon  the  fub- 
j e£t,  I  fhall  firfl:  recite  fome  experiments 
which  perfectly  agree  with  the  former, 
and  evidently  lead  to  the  fame  conclufion. 
Some  of  them  are  thofe  of  which  only  the 
general  refult  was  given  before. 


I  have 
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I  have  obferved,  that,  when  that  iron 
which  has  been  melted  in  the  open  air  (or 
that  which  has  been  altered  by  the  paffing 
of  fleam  over  it  red-hot)  was  heated  by  a 
burning  lens  in  inflammable  air,  the  air  dif- 
appeared,  and  a  confiderable  quantity  of 
water  was  produced.  I  had  the  fame  refult 
with  fc ales  of  copper .  Thefe  fcales  became 
of  a  genuine  copper  colour  in  this  procefs ; 
fo  that  I  had  no  doubt  of  their  being  copper 
revived.  The  water  was  fo  copious,  that 
when  only  3J  ounce  meafures  of  air  were 
abforbed,  the  water  formed  in  drops  on  the 
infide  of  the  veflel,  and  fome  of  them  ran 
down  it. 

I  alfo  procured  water  when  I  decompofed 
dephlogifticated  and  inflammable  air  from 
iron  by  the  eledtric  fpark  in  a  clofe  veflel, 
which  is  an  experiment  fimilar  to  thofe  that 
were  made  by  Mr.  Lavoisier,  at  Paris. 
I  put  3.75  ounce  meafures  of  a  mixture  of 
air,  of  which  one- third  was  dephlogifticated, 
and  two-thirds  inflammable  from  iron,  in 
the  clofe  veflel ;  and  after  the  explofion  I 
found  in  it  one  grain  of  moifture.  The 
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dephlogifticated  air  in  this  mixture  would 
have  weighed  a  little  more  than  0.75  of  a 
grain.  But  repeating  this  experiment  with 
half  as  much  dephlogifticated  as  inflamma¬ 
ble  air,  I  could  not  perceive  any  water  after 
the  experiment.  Neither  was  there  any  fixed 
air  formed  in  it.  Again,  ufing  inflammable 
air  from  wood,  in  the  fame  proportion  from 
3.8  ounce  meafures  of  the  mixture,  I  got  0.8 
of  a  meafureof  fixed  air,  which  was  actually 
abforbed  by  lime-water.  Some  water  alio 
was  evidently  produced. 

Ufing  more  precautions  to  exclude  all 
water  from  either  of  the  two  kinds  of  air 
before  the  experiment  (both  the  dephlogifti¬ 
cated  air,  which  was  from  nitre,  and  the  in¬ 
flammable  air,  which  was  from  charcoal, 
being  from  the  firft  received  in  mercury, 
and  always  confined  by  it)  I  ftill  found  a 
little  water  after  the  explofion. 

1  varied  this  experiment  by  producing  the 
inflammable  air  in  the  dephlogifticated  air 
as  follows.  Into  a  veflel  containing  de¬ 
phlogifticated  air  confined  by  mercury,  I  in¬ 
troduced  a  piece  of  perfedt  charcoal,  as  hot 

2  from 
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from  the  fire  as  I  could  bear  to  handle  it, 
and  threw  upon  it  the  focus  of  the  lens,  fo 
that  a  quantity  of  the  air  was  imbibed ; 
but  I  could  not  perceive  that  any  moifture 
was  formed.  Afterwards,  when  I  refumed 
the  procefs,  the  air  which  the  charcoal  had 
imbibed  was  expelled  again,  and  very  little 
more  was  abforbed.  From  7  ounce  mea- 
fures  there  remained  4,  of  which  more  than 
2  was  pure  fixed  air.  No  water  could  be 
expedted  after  this  procefs.  For  even  had 
there  been  a  fmall  quantity  of  moifture  in 
the  veflel,  it  would  have  been  abforbed  by 
the  charcoal,  and  have  enabled  it  to  yield 
inflammable  air.  The  phlogifton  the  char¬ 
coal  contained  uniting  with  the  dephlogif- 
cated  air,  free  from  moifture,  formed,  I 
prefume,  the  fixed  air  that  was  found  after 
this  procefs. 

But  the  greateft  difficulty  that  occurred 
with  refpedt  to  the  preceding  theory  of  the 
conftitution  of  water,  arofe  from  my  never 
having  been  able  to  procure  any  water 
when  I  revived  mercury  from  red  precipi¬ 
tate  in  inflammable  air,  or  at  leaft  not  more 

than 
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than  may  be  fuppofed  to  have  been  con¬ 
tained  in  the  inflammable  air,  as  an  ex¬ 
traneous  fubftance. 

In  order  to  make  the  experiments  with 
the fcales  of  iron,  and  that  with  the  red  preci¬ 
pitate,  as  much  alike  as  poflible,  and  that  I 
might  compare  them  to  the  greateft  advan¬ 
tage,  I  made  them  immediately  one  after  the 
other,  with  every  circumftance  as  nearly  as 
I  could  the  fame.  The  inflammable  air  was 
the  fame  in  both  the  experiments,  and  both 
the  fcales  of  iron,  and  the  red  precipitate, 
were  made  as  dry  as  poflible.  They  were 
heated  in  veflels  of  the  fame  fize  and  form, 
and  equally  confined  by  dry  mercury.  And 
yet  when  I  heated  the  former,  water  was 
formed  as  copioufly  as  I  have  defcribed  it 
before,  viz.  actually  running  down  the  in- 
fide  of  the  veflel  in  drops,  though  only  4 
ounce  meafures  of  inflammable  air  were 
abforbed.  But  though  I  heated  the  red  pre¬ 
cipitate  till  8  ounce  meafures  of  the  inflam¬ 
mable  air  was  abforbed,  and  only  three- 
fourths  of  an  ounce  meafure  of  air  remained, 
there  was  hardly  any  fenfible  quantity  of 
Vol.  III.  K  water 
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water  produced,  certainly  not  one-tenth  of 
what  appeared  in  the  experiment  with  the 
fcales  of  iron. 

There  was  this  difference,  however,  in 
the  two  refults.  In  what  remained  from 
the  experiment  with  red  precipitate,  I  at 
this  time  perceived  a  flight  appearance  of 
fixed  air ,  whereas  there  was  none  in  what 
remained  from  the  fcales  of  iron.  The  re- 
tiduum  alfo  from  the  red  precipitate  had  in 
it  a  very  fmall  portion  of  dephlogifticated 
air.  For  being  mixed  with  an  equal  mea- 
fure  of  nitrous  air,  the  ftandard  of  it  was 
3.8.  1  muff  alfo  obferve  that  the  inflam- 

t  i .  *  ■  1  *  ^  *  * 

mafale  air  difappeared  much  more  rapidly  in 
the  procefs  with  red  precipitate,  than  in 
that  with  the  fcales  of  iron. 

Fixed  air,  however,  was  no  neceflary  re- 
fult  in  this  experiment*.  For  I  particu- 

*  It  will  be  feen  in  the  fedb’on  relating  to  inflamma- 
ble  air,  that  there  is  a  flight  appearance  of  fixed  air,  in  the 
decompofition  of  that  inflammable  air  which  is  produced 
by  means  of fpirit  of  fait ;  and,  not  being  aware  of  this  at 
the  time  of  making  thefe  experiments,  I  took  no  account 
how  the  air  was  made. 

lari  y 
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larly  obferved,  that  when,  upon  another  oc- 
cafion,  I  reduced  8  ounce  meafures  of  in¬ 
flammable  air  to  0.22  of  a  fneafure,  I  found 
no  more  than  what  I  judged  to  be  much 
lefs  than  a  grain  of  water,  and  without  any 
appearance  of  fixed  air  whatever.  Again,  I 
reduced  6  ounce  meafures  of  inflammable 
air  in  this  procefs  to  0.42  of  a  meafure, 
without  producing  any  more  water  than  be¬ 
fore,  or  any  fixed  air  at  all.  I  alfo  had  the 
fame  reful t  in  ufing  the  black  powder  of 
lead  and  mercury,  in  (lead  of  red  precipi¬ 
tate;  reducing  6.5  ounce  meafures  to  0.4 

of  a  meafure,  without  finding  any  very 
* 

fenfible  quantity  of  water,  or  any  fixed 

air. 

In  this  experiment  there  can  be  no  doubt 
but  that  the  dephlogifticated  air  diflodged 
from  the  red  precipitate,  united  with  the 
inflammable  air  in  the  veflel ;  and  as  no 

water  equal  to  the  weight  of  the  two  kinds 

» 

of  air  was  produced,  they  muft  have  formed 
fome  more  folid  fubjiance ,  which,  '  in  the 
fmall  quantities  I  was  obliged  to  ufe,  could 
not  be  found. 

K  2 


It 
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It  may  be  clearly  inferred  from  this  ex¬ 
periment,  that  red  precipitate  is  a  fub- 
ilance  by  no  means  fimilar  to  the  fcales  of 
iron,  as  the  latter  appears  to  contain  within 
itfelf  all  the  elements  of  water;  and  there¬ 
fore  as  the  inflammable  air  enters  into  it,  a 
quantity  of  water,  equal  in  weight  to  the 
lofs  fuftained  by  the  fcales  in  their  re¬ 
vival  in  the  form  of  iron,  is  found  in  the 
recipient.  Whereas  in  the  experiment  with 
the  red  precipitate,  there  is  certainly  no 
more  water  found,  than  may  be  fuppofed  to 
have  been  contained  in  the  inflammable  air 
which  difappeared,  or  to  have  been  lodged 
without  being  perceived  among  the  particles 
of  the  precipitate  itfelf.  Confequently  the 
fcales  of  iron  mult  be  confidered  as  the  calx 
of  iron  united  to  water ,  and  red  precipitate 
as  mercury,  united  to  dephlogifiicated  airy  or 
rather,  perhaps,  as  Mr.  Kirwan  fuppofes, 
to  fixed  airy  the  phlogifton  belonging  to 
which  revives  the  mercury,  while  its  other 
component  part,  the  dephlogifiicated  air, 
is  fet  at  liberty,  forming  an  union  with  the 
element  of  heat . 


The 
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The  difficulty  with  refpedl  to  what  be¬ 
comes  of  the  two  kinds  of  air,  was  not  lef- 
fened  by  the  attempts  which  I  made  to  coi¬ 
led:  all  that  I  could  from  repeated  decom- 
pofitions  of  inflammable  and  dephlogifti- 
cated  air  in  a  clofe  veflel. 

As  I  had  produced  water  in  this  procefs 
when  I  made  no  more  than  a  Angle  explo- 
fion  at  a  time,  I  thought  that  by  continuing 
to  make  explofions  in. the  fame  veflel,  the 
water  would  not  fail  to  accumulate,  till  I 
might  collect  what  quantity  I  pleafed;  and 
I  intended  to  have  collected  a  confiderable 
part  of  an  ounce.  And  as  I  ffiould  know 
exactly  what  quantity  of  air  I  decom- 
pofed,  I  had  no  doubt  of  being  able  to 
afeertain  the  proportion  that  the  water  and 
air  bore  to  each  other. 

With  this  view  I  made  a  mixture  of  a 

'  ...  V 

large  quantity  of  air,  one-third  dephlogifti- 
cated,  and  two-thirds  inflammable  from  iron 
and  oil  of  vitriol.  But  though  I  had  a  fen- 
Able  quantity  of  water  at  the  firfl  explofion 
(in  each  of  which  was  ufed  between  four 
and  five  ounce  meafures  of  the  mixture  of 

K  3  air) 
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air)  I  was  furprifed  to  perceive  no  very  fen- 
fible  increafe  of  the  quantity  of  water  on  re¬ 
peating  the  explofions.  Having,  therefore, 
expended  48  ounce  meafures  of  the  mixture, 

I  difcontinued  the  procefs  ;  and  colle&ing 
the  water  with  all  the  care  that  I  could,  I 
found  no  more  than  three  grains,  when  there 
ought  to  have  been  eleven. 

In  this  procefs  the  infide-  of  the  veffel  was 
always  very  black  after  each  explofion,  and 
when  I  poured  in  the  mercury  after  the  ex¬ 
plofion,  though  there  was  nothing  vifible  in 
the  air  within  the  veffel,  there  iflued  from 
the  mouth  of  it  a  denfe  vapour .  This  was 
even  the  cafe,  though  I  waited  fo  much  as 
two  minutes  after  any  explofion  before  I 
proceeded  to  put  in  more  mercury  in  order 
to  make  another ;  which  if  the  vapour  had 
been  fleam,  would  have  been  time  more  than 
fufficient  to  permit  it  to  condenfe  into 
water.  I  even  perceived  this  vapour  when 
I  had  a  quantity  of  water  in  the  veffel,  and 
the  explofion  was  confequently  made  over 
it,  as  well  as  in  contact  with  the  fides  of 
the  veffel  which  were  wetted  with  it ;  fo 

that 


that  as  this  vapour  had  pafied  through  the 
whole  body  of  water  when  the  velTel  was 
inverted,  it  is  probable  that  it  muft  have 
confifted  of  fomething  elfe  than  mere  water. 
But  I  was  never  able  to  colled:  any  quantity 
of  it,  though  it  muft  have  been  fomething 
produced  by  the  union  of  the  two  kinds 
of  air. 

In  order  to  colled  a  quantity  of  the  mat¬ 
ter  that  formed  this  vapour,  I  contrived  the 
following  apparatus.  In  a  cork  ( a )  Fig.  3, 
with  which  I  could  £hut  the  orifice  of  the 
ftrong  glafs  veftel  ( b )  in  which  the  explo- 
fions  were  made,  I  had  two  perforations. 
Through  one  of  thefe  (e)  I  poured  the  mer¬ 
cury,  by  means  of  a  glafs  funnel ;  but  in¬ 
to  the  other  was  introduced  a  glafs  tube, 

« 

which,  being  bended,  was  inferted,  by  means 
of  a  cork,  into  a  thin  glafs  veftel  (d)  and 
went  almoft  to  the  bottom  of  it.  A  fmall 
hole  was  alfo  made  in  the  cork,  to  permit 
the  air  to  go  out.  Confequently,  all  the  air 
that  remained  in  the  ftrong  glafs  veftel,  with 
whatever  vapour  it  might  contain,  muft,  as 
I  poured  in  the  mercury,  neceftarily  pais 

K  4  through 
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through  the  glafs  tube,  and  be  difFufed 
through  the  thin  glafs  velTel ;  in  which  I 
imagined  that  all  its  contents,  fluid  or  folid, 
muft  be  depoflted.  However,  though  I  re¬ 
peated  the  experiment  feveral  times  with 
this  apparatus,  making  about  twenty  explo- 
fions  in  each,  I  could  not  find  any  depofit  in 
the  veflfel,  befides  a  fmall  quantity  of  water ; 
which,  added  to  the  water  collected  in  the 

ftrong  veiTel,  came  far  fhort  of  the  weight  of 

/ 

the  air  that  was  decompofed. 

All  the  conje&ure  that  I  can  advance,  in 
order  to  explain  this  phenomenon,  is  that, 
fince  foot  yields  pure  air,  as  will  appear  in 
the  courfe  of  this  volume,  part  of  the  foot  is 
formed  by  the  union  of  the  dephlogifticated 
air  in  the  atmofphere  and  the  inflammable 
air  of  the  fuel.  But  [moke,  which  contains 
much  foot ,  is  foon  difperfed,  and  becomes 
invifible  in  the  open  air.  Such,  therefore, 
may  be  the  cafe  here.  The  foot  formed  by 
the  union  of  the  two  kinds  of  air  may  be 
difFufed  through  the  air,  in  the  veflel  in 
which  they  are  exploded,  and  be  carried  in- 
vifibly  into  the  common  atmofphere,  which 

may 
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may  account  for  my  not  being  able  to  colled: 
any  quantity  of  it  in  this  apparatus. 

Hoping  to  fucceed  better  in  colleding 
this  volatile  matter  by  means  of  a  quantity 
of  water  incumbent  upon  the  mercury,  in 
the  ftrong  glafs  veffel  in  which  the  explo- 
fions  were  made  (though  I  had  found  that 
part  of  it  could  efcape  through  the  water)  I 
decompofed  a  great  quantity  of  the  two  kinds 
of  air  in  thefe  circumftances  ;  and  prefently 
found  that  the  water  became  very  cloudy, 
and  was  at  length  full  of  a  blackilh  matter. 
This  I  colleded,  and  found  that  it  remained 
perfedly  black  upon  the  earthen  veffel  in 
which  the  water  containing  it  was  evapo¬ 
rated  ;  which  would  not  have  been  the  cafe 
if  the  blackifh  matter  in  the  water  had  been 
that  powder  of  mercury ,  which  is  produced 
by  agitating  it  in  pure  water.  For  that 
black  mafs  always  became  white  running 
mercury  the  moment  the  water  was  evapo¬ 
rated  from  it.  Could  I  have  colleded  a 
fufficient  quantity  of  this  black  matter,  1 
might  have  fatisfied  myfelf  whether  it  was 
a  proper  foot  or  not, 

Mr. 
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Mr.  Waultire  firft  obferved  this  eloudi- 
nefs  in  a  veilel  in  which  he  burned  inflam¬ 
mable  air ;  but  it  is  remarkable  that  fomer 
times  I  got  it  repeatedly  in  thefe  exploflons, 
all  the  infideof  the  vefl'el  becoming  quite 
black  after  the  explofion,  and  at  other 
times  I  have  not  been  2ible  to  get  this  ap¬ 
pearance  at  all ;  fo  that  I  am  not,  yet  able 
to  determine  on  what  it  depends.  At  one 
time,  having  the  inlide  of  the  ftrong  glafs 
tube  made  very  black  with  thefe  exploflons, 
1  let  it  remain  a  day  or  two  expo  fed  to  the 
common  air,  when  the  blacknefs  difap- 
peared,  leaving  the  infide  of  the  veffel  co¬ 
vered  with  final!  globules  of  white  mercury. 
It  feems,  therefore,  that  part  of  the  phlo- 
gifton  of  the  inflammable  air  fometimes  at¬ 
taches  itfelf  to  the  vapour  of  mercury,  dif- 
fufed  invifibly  through  the  fpace  within  the 
veflel,  and  that  it  quits  it  to  unite  to  the  air 
of  the  atmofphere. 

That  water  in  great  quantities  is  fome¬ 
times  produced  from  burning  inflammable 
and  dephlogifticated  air  is  evident  from  the 
experiments  of  Mr.  Cavendish  and 'Mr. 

Lavoisier. 
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Lavoisier.  I  have  alio  frequently  collected 
confiderable  quantities  of  water  in  this  way, 
though  never  quite  fo  much  as  the  weight 
of  the  two  kinds  of  air  decompofed.  My 
apparatus  for  this  purpole  was  the  follow¬ 
ing.  Into  the  mouth  of  a  large  glafs  bal¬ 
loon  {a)  Fig.  4,  I  introduced  a  tube  from 
the  orifice  of  which  there  continually  ilfued 
inflammable  air,  from  a  vefiel  containing 
iron  and  oil  of  vitriol.  This  being  lighted, 
continued  to  burn  like  a  candle.  Prefently 
after  the  lighting  of  it,  the  infide  of  the  bal¬ 
loon  always  became  cloudy,  and  the  moiiture 
foon  gathered  in  droos,  and  fettled  in  the 
lower  part  of  the  balloon.  To  catch  what 
might  iflfue  in  the  form  of  vapour,  in  the 
current  of  air  through  the  balloon,  I  placed 
the  glafs  tube  (b)  in  which  I  always  found 
fome  water  condenfed.  It  is  very  pofiible, 
however,  that  in  both  thefe  modes  of  experi¬ 
menting,  the  water  may  be  converted  into 
a  kind  of  vapour,  which  is  very  different 
from  fleam ,  and  capable  of  being  conveyed  a 
great  way  through  air,  or  even  water,  with¬ 
out  condenfation,  along  with  the  air  with 
which  it  is  mixed  and  on  this  account  it 

may 
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may  not  be  pofiible,  in  either  of  thefe  modes 
of  experimenting,  to  colledt  all  the  water  in¬ 
to  which  the  two  kinds  of  air  may  be  con¬ 
verted.  The  nature  of  this  kind  of  vapour 
into  which  water  may  be  changed,  and  which 
is  not  readily  condenfed  by  cold,  is  very 
little  underftood,  but  well  deferves  the  par¬ 
ticular  attention  of  philofophers  *.  Even 
mercury  will  evaporate,  fo  as  to  lofe  weight, 
in  a  degree  of  heat  below  that  of  boiling 
water. 

That  the  water  collected  in  the  balloon 
comes  from  the  decompoiition  of  the  air,  and 
not  from  the  frefli  air  circulating  through 
it,  was  evident  from  placing  balls  of  hot 
iron  in  the  place  of  the  flame,  and  finding 
that,  though  the  balloon  was  as  much  heated 
by  them  as  by  the  flame  of  the  burning  of  the 
inflammable  air,  and  confequently  there  muft 
have  been  the  fame  current  of  the  external 
air  through  it,  no  moifture  was  found  in 
the  balloon. 

When,  in  this  manner,  I  burned  inflam¬ 
mable  air  from  pure  iron,  the  water  I  col- 

*  Mr.  Saussure  has  made  tome  valuable  obfervations 
on  this  fubiedt. 


ledtedi 


the  Comp  oft  ton  of  IV aier .  j  4  j 

le&ed  was  perfectly  free  from  acid,  and  the 
infide  of  the  balloon  was  quite  clear,  but 
when  I  ufed  fulphurated  iron ,  there  was  a 
denfe  white  cloud  that  filed  the  infide  of 
the  balloon.  There  was  alfo  a  ftrong  fmell 
of  vitriolic  acid  air,  and  the  water  collected 
was  feniiblv  acid  to  the  tafte. 

J 

Having  found  that  water  is  an  effentia! 
ingredient  in  the  conftitution  of  inflammable 
air,  at  lead:  as  produced  from  iron,  it  iiill 
remained  to  be  determined  whether,  when  a 
calx  is  revived,  and  the  metal  formed,  the 
pure  phiogifton  only  entered  the  calx,  or, 
together  with  it,  that  water  which  was  ne- 
ceffary  to  its  form  of  inflammable  air. 

In  order  to  afcertain  this,  I  frequently 
revived  dry  calces  of  lead  in 'dry  inflammable 
air,  and  examined  the  appearances  of  moif- 
ture  afterwards.  But  notwithftanding  all 
the  attention  that  I  gave  to  the  procefs,  I 
could  not  be  abfolutely  certain,  whether 
more  moifture  was  left  in  the  veflel,  than 
might  have  exifted  extraneoufy  in  the  in¬ 
flammable  air,  or  whether,  when  the  phlo- 
gifton  was  ahforbcd,  it  left  behind  it  any 

water 
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water  that  had  been  efiential  to  it,  as  in¬ 
flammable  air.  Appearances  were  fuch  as 
fometimes  inclined  me  to  think  that  every 
thing  which  conftitutes  inflammable  air  goes 
into  a  calx,  in  order  to  form  the  metal ;  fo 
that  if  this,  though  a  compound  thing,  be 
called  phlogiJlony  it  will  ftill  be  true  that 
phlogiflon  and  inflammable  air  are  the  fame 
thing;  but,  on  the  whole,  I  rather  think  that 
the  water  which  was  eflential  to  the  con- 
ftitution  of  inflammable  air  was  left  behind. 

That  water,  however,  may  exift  in  bodies 
in  a  combined flate ,  without  appearing  to  be 
water,  we  know  in  many  cafes ;  but  it  is 
in  nothing  more  evident  than  in  the  fcales 
of  iron ,  than  which  no  fubftance  can  have 
lefs  the  appearance  of  containing  water. 

But  not  to  give  a  mere  opinion^  I  fhall  re¬ 
cite  the  particulars  of  a  few  experiments , 
which  I  made  with  the  view  above-men¬ 
tioned.  In  6  \  ounce  meafures  of  inflam¬ 
mable  air  from  iron,  I  revived  lead  till  it 
was  reduced  to  1  f  ounce  meafure,  care 
having  been  taken  to  make  every  thing  as 
dry  as  poflible.  Some  moifture,  however, 

did 


the  Compojition  of  IVater .  143 

did  appear,  perhaps  more  than  half  a  grain  ; 
but  as  this  air  had  been  confined  by  water, 
it  was  no  more  than  might  have  been  con¬ 
tained  in  it  as  an  extraneous  fubftance.  It 
ought  alfo  to  be  confidered,  that  it  muft  be 
exceedingly  difficult  to  expel  all  moifture 
by  mere  heat  from  fuch  a  powdery  fub¬ 
ftance  as  the  yellow  calx  of  lead,  without 
reviving  the  metal.  All  c  he  mills  well 
know  how  firmly  moifture  adheres  to  many 
fubftances,  with  which  it  does  not  properly 
unite,  and  how  much  heat  is  neceffary  to 
feparate  them. 

Again,  in  6i  ounce  meafures  of  inflam¬ 
mable  air  from  iron,  I  revived  lead  till 
there  remained  0*9  of  a  meafure,  and  there 
was  hardly  any  more  moifture  than  I  had 
reafon  to  think  might  have  been  in  the 
veflel,  independently  of  what  was  contained 
m  the  inflammable  air ;  and  in  order  to 
enable  myfelf  to  judge  of  this,  I  melted  an 
equal  quantity  of  the  fame  minium,  under 
a  dry  glafs  veflel  with  common  air,  when 
a  little  moifture  appeared  on  the  infifle  of 
the  glafs,  about  as  much,  I  thought  (for  I 

could 
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could  only  judge  by  my  eye)  as  when  I  had 
revived  the  lead  from  that  minium  in  in¬ 
flammable  air.  The  quantity  of  lead  re¬ 
vived  was  only  16  grains,  but  a  good  deal 
of  the  minium  had  been  made  black  in  the 

Laftly,  I  expofed  fome  calx  of  lead  to  the 
heat  of  the  lens  in  inflammable  air,  received 
immediately  from  the  veflel  in  which  it 
was  generated  from  iron  and  oil  of  vitriol, 
becaufe  this  contains  lefs  water  than  that 
which  has  been  received  in  water  and  con¬ 
fined  by  it  ;  and  when  6  or  7  ounce  mea- 
fures  of  the  air  were  abforbed,  I  could  not 
fuppofe,  from  the  appearance,  that  the  wa¬ 
ter  could  be  more  than  a  quarter  of  a  grain. 
However,  when  I  repeated  the  experiment 
once  more,  I  thought  there  might  be  about 
half  a  grain  of  water,  which  is  more  than 
I  can  well  account  for,  without  fuppoiing 
that  the  water  which  was  neceflary  to  the 
conftitution  of  inflammable  air,  and  which 
I  fuppofe  to  be  about  half  its  weight,  was 
left  behind  when  the  pure  phlogifton  re¬ 
vived  the  calx.  This,  therefore,  is  the 

opinion 
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opinion  to  which  I  am  inclined;  fo  that  I 
do  not  think  that  any  water  enters  into  the 
conflitution  of  any  of  the  metals. 


SECTION  V. 

Of  the  Production  of  Inflammable  Air  from 
different  Subflances . 

IT  is  probable,  that  every  fubftance  which 
contains  phlogiflon  may  be  made  to  yield 
inflammable  air.  But  for  this  purpofe  they 
require  different  modes  of  treatment,  ac¬ 
cording  to  their  refpedtive  natures.  If  the 
fubftances  be  fluid,  heat  applied  to  them 
directly  makes  no  change  in  their  confli- 
tution  ;  but  when  they  are  made  to  pafs* 
in  the  form  of  vapour ,  through  tubes  pre- 
vioufiy  made  red-hot,  in  which  they  are 
neceffarily  expofed  to  a  red  heat  themfelves, 
Vol,  III.  L  they 
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they  are  readily  decompofed  ;  and  the  quan¬ 
tity  of  inflammable  air  that  was  yielded  by 
fome  of  them,  in  this  mode  of  treatment, 
appeared  to  me  rather  extraordinary. 

I  began  thefe  experiments  with  fpirit  of 
wine ,  having  an  apparatus  proper  to  receive 
any  water ,  or  other  fluid,  that  might  be 
formed,  or  condenfed,  in  the  procefs.  From 
two  ounce  meafures  of  fpirit  of  wine,  which 
was  made  to  pafs,  in  vapour,  through  a 
red-hot  earthen  tube,  I  got  about  1900 
ounce  meafures  of  air,  which  was  all  in¬ 
flammable,  without  any  mixture  of  fixed 
air  in  it,  and  which  burned  with  a  lambent 
blue  flame.  Thirty  ounce  meafures  of  this 
air  weighed  eight  grains  lefs  than  an  equal 
quantity  of  common  air.  In  this  procefs 
I  collected  0.35  of  an  ounce  meafure  of 
water. 

In  this  experiment  the  air  would  have 
weighed  -  633  grains 

the  watery  refiduum  168 

801 

and  the  fpirit  of  wine  would  have  weighed 
821  ;  fo  that  the  produce  was  pretty  nearly 

what 
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what  might  have  been  expedted  from  the 
materials,  the  nature  of  the  procefs  con- 
fidered. 

I  then  proceeded  to  fubiedt  to  the  fame 
procefs  a  quantity  of  vitriolic  ret  her  j  and 
making  an  ounce  meafure  of  it  pafs  through 
the  hot  earthen  tube,  almoft  filled  with 
pieces  of  broken  retorts,  or  crucibles  (in 
order  to  make  a  greater  quantity  of  red- 
hot  furface)  1  collected  one  tenth  of  an 
ounce  meafure  of  water,  and  740  ounce 
meafures  of  air,  all  inflammable,  without 
any  mixture  of  fixed  air.  It  burned  with 
a  large  lambent  white  flame,  like  that  of 
wood  in  a  common  fire,  and  would  not 
explode  with  any  mixture  of  dephlogifti- 
cated  air.  Twenty-nine  ounce  meafures  of 
this  air  weighed  five  grains  lefs  than  an 
equal  bulk  of  common  air. 

In  the  next  place,  I  made  forxie  vapour 
of  fpirit  of  turpentine  pafs  through  the  hot 
earthen  tube,  and  procured  from  it  a  quan¬ 
tity  of  inflammable  air,  that  was  very  turbid, 
like  black  fmoke.  But  the  black  matter 
contained  in  it  was  foon  depofited  on  the 

L  2  furface 
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furface  of  the  water  in  which  it  was  re¬ 
ceived.  This  alio  contained  no  fixed  air, 
and  burned  with  a  lambent  flame,  but  much 
lefs  luminous  than  that  in  the  preceding 
experiment.  The  fmell  of  this  air  was  fo 
exceedingly  oflfenfive,  that,  the  apparatus 
being  a  little  deranged,  I  difcontinued  the 
procefs  before  I  had  afcertained  the  quan¬ 
tity  of  air,  and  without  collecting  any 
water,  which  I  fuppofe  would  have  been 
given.  Thirty  ounce  meafures  of  this  air 
weighed  eight  grains  lefs  than  an  equal 
quantity  of  common  air. 

1  did  not  repeat  this  experiment  with 
chve  oil ,  being  apprehenfive  that  the  procefs 
would  be  even  more  offenfive  than  that 
with  the  fpirit  of  turpentine,  and  nothing 
material  depending  upon  it.  But,  upon 

another  occafion,  I  mixed  an  ounce  of  olive 

. 

oil  with  874  grains  of  calcined  whiting  • 
and  fubjeCling  it  to  a  red  heat  in  an  earthen 
retort,  I  got  from  it  near  300  ounce  mea¬ 
fures  of  air,  and  fhould  probably  have  got 
much  more,  if  there  had  beetj  more  whiting 
in  proportion  to  the  oil.  The  firfl:  portion 
1  of 
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of  this  air  burned  with  a  large  white  flame, 
and  the  laft  with  a  flight  lambent  blue  one, 
exactly  refembling  the  varieties  in  the  pro- 
cefs  for  extracting  air  from  wood ;  fo  that 
there  can  be  no  doubt,  but  that  it  is  the 
oil  in  the  wood  that  gives  the  air.  That 
excellent  philofopher,  Mr.  Volta,  was  the 
firft  who  hit  upon  this  method,  or  a  fimilar 
one,  of  getting  inflammable  air  from  oil  • 
and  he  has  given  a  large  account  of  its  pe¬ 
culiar  properties. 

From  other  experiments  that  I  made,  it 
appears,  that  water  is  eflential  to  the  for¬ 
mation  of  inflammable  air.  In  all  the  liquid 
fubftances  mentioned  above,  the  water  that 
enters  into  their  compofltion  is  fufllcient 
for  the  purpofe ;  and  fpirit  of  wine,  and 
sether,  appear  to  contain  more  water  than  is 
neceflary.  But  when  the  fubftances  are  dry, 
and  water  does  not  enter  as  a  neceflary  in¬ 
gredient  into  their  compofltion,  water  muft 
be  introduced  into  the  procefs.  This  is 
the  cafe  with  all  the  metals ,  and  it  is  no  lefs 
fo  with  fulphur ,  arfenic ,  and  probably  other 

L  3  fubftances 
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fubftances  of  a  fimilar  nature,  which  mere 
heat  only  fublimes. 

Tranfmitting  fleam  over  a  quantity  of 
Julphur ,  which  was  melting  in  a  hot  earthen 
tube,  I  procured  from  it  a  confiderable 
quantity  of  inflammable  air,  without  any 
fixed  air ;  and  by  analyfis  it  appeared  to 
be  of  the  fame  quality  with  that  which  is 
procured  from  iron  by  oil  of  vitriol.  This 
procefs  is  rather  troublefome,  on  account  of 
the  fulphur  fubliming,  and  filling  up  the 
tubes  through  which  the  air  is  conveyed. 

I  then  repeated  the  fame  procefs  with 
eirfenicy  and  from  this  fubflance  alfo  I  pro¬ 
cured  air  in  great  plenty.  Qne-feventh  of 
it  was  fixed  air,  but  the  reft  ftrongly  in¬ 
flammable,  and  .  the  fmell  of  it  could  not 
be  diftinguifhed  from  that  of  phofphorus. 
Twenty  ounce  meafures  of  this  air  weighed 
fk  grains  lefs  than  an  equal  quantity  of 
common  air.  This  experiment  was  no  lefs 
troublefome  than  the  preceding,  on  account 
of  the  arfenic  fubliming,  and  choking  up 
the  tubes. 

Having 
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Having  found  a  very  heavy  kind  of  in¬ 
flammable  air  by  heating  the  fcales  of  iron 
mixed  with  charcoal,  I  made  the  following 
experiment  in  order  to  alcertain  the  quan¬ 
tity  of  air  that  might  be  procured  from  a 
given  quantity  of  thefe  materials.  Mixing 
two  ounces  of  the  fcales >  or  -finery  cinder 
(which  I  found  to  be  the  fame  thing)  with 
one  ounce  of  perfect  charcoal,  I  got  from 
it,  in  an  earthen  retort,  580  ounce  meafures 
of  air,  one-tenth  of  the  firfl:  part  of  which 
was  fixed  air  ;  but  afterwards  it  was  all 
inflammable.  The  fubftances  were  pretty 
firmly  concreted  together,  and  weighed  1044 
grains  ;  fo  that  the  lofs  of  weight  was  396 
grains,  which  muft  have  been  very  nearly 
the  weight  of  the  air  procured.  Forty 
ounce  meafures  of  this  air,  freed  from  all 
fixed  air,  weighed  two  grains  more  than  an 
equal  quantity  of  common  air. 

Befides  the  water ,  which  feems  to  be 
effential  to  the  confliitution  of  inflammable 
air,  this  fpecies  of  air  readily  imbibes  more 
water,  which  adds  greatly  to  its  fpecific 

L  4  gravity 
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gravity.  This  Teems  at  leaft  to  be  indi¬ 
cated  by  the  following  experiment.  Fill¬ 
ing  a  dry  bladder  with  inflammable  air, 
received  immediately  from  the  veflel  con¬ 
taining  the  iron  and  diluted  oil  of  vitriol, 
from  which  it  was  generated,  1  found  that 
30  ounce  meafures  of  it  weighed  more  than 
feventeen  grains  lefs  than  an  equal  bulk  of 
common  air  ;  but  when  I  weighed  that 
inflammable  air  of  the  fame  kind  which  had 
been  confined  by  water  in  the  fame  bladder, 
it  was  only  fourteen  grains  lefs  than  an  equal 
quantity  of  common  air.  This  I  repeated 
feveral  times  with  the  fame  refult.  This 
air,  therefore,  could  only  be  about  three 
times  lighter  than  common  air  ;  whereas 
the  other  was  more  than  ten  times  lighter. 

Having  frequently  examined  the  fpecific 
gravity  of  inflammable  air  which  has  been 
long  confined  by  water,  by  weighing  it  in 
a  bladder,  and  then  preffing  out  the  air, 
and  weighing  it  when  empty  (which  has 
the  fame  effedt  as  weighing  it  full  of  com¬ 
mon  air)  I  have  feldom  found  fuch  air  more 

than 
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than  five  times  lighter  than  ail  equal  portion 
of  common  air  ;  fo  that  the  fpecific  gravity 
of  this  air  is  foon  doubled  by  being  kept 
in  thefe  circumftances. 


SECTION  VI. 

Of  fulphurated  inflammable  Air . 

n^HE  RE  is  no  kind  of  air  which  admits 
fuch  a  variety  of  modifications  as  the 
inflammable ;  nor  fhall  we  think  this  ex¬ 
traordinary,  when  we  confider -that  phlo- 
gifton,  which  is  the  diftinguifhing  ingredient 
in  it,  enters  into  a  greater  variety  of  com¬ 
binations  with  folid  fuhflances  than  perhaps 
any  other  principle  in  nature,  and  is  the 
caufe  of  a  greater  variety  of  properties  in 
them.  Spirit  of  wine,  oil,  fulphur,  char¬ 
coal,  and  metals,  are  fubftances  as  different 
from  each  other,  both  in  their  external  ap¬ 
pearance,  their  degrees  of  confiftence,  and 

other 
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other  chemical  properties,  as  any  tilings  in 
nature,  and  yet  the  principal  ingredient  in 
them  all  is  the  fame  phlogiiton,  as  may  be 
proved  by  the  adtual  transferring  of  it  from 
any  one  to  any  other  of  them.  Inflammable 
air  likewife  extracted  from  each  of  thefe 
fub fiances,  as  alio  that  from  putrid  vegeta¬ 
bles,  and  by  other  precedes,  of  which  an 
account  has  been  given  in  the  preceding  fec- 
tion,  arc  all  remarkably  different,  and  appear 
to  be  fo,  as  we  fliall  prefently  fee,  when 
they  are  decompofed.  I  fliall  now  give  an 
account  of  another  fpecies  of  this  kind  of 
air,  which  I  term  fulphurated ,  from  the 
ftrong  fmell  that  it  has  of  fulphur,  or  rather 
liver  of  fulphur,  and  its  being  loaded  with 
a  greater  quantity  of  matter,  which,  though 
at  the  firfl  black,  yet  on  expofure  to  the  air 
prefently  affumes  a  yellowifh  colour.  I 
fliall  recite  the  experiments  in  which  I  ob- 
ferved  this  peculiar  fpecies  of  ah*,  in  the 
order  in  which  I  made  them,  noting  the 
other  appearances  that  accompanied  them, 
though  they  have  not  any  immediate  relation 
to  the  air  of  which  I  am  treating. 


When 
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When  I  was  engaged  in  that  courfe  of 
experiments  in  which  fteam,  and  the  vapour 
of  various  fluid  fubftances,  was  brought  into 
contact  with  folid  fubftances  red-hot,  I 
treated  manganefe  in  this  manner,  and  efpe- 
cially  a  quantity  with  which  Mr.  Woulfe 
had  formerly  furniftied  me,  which  was  not  in 
powder,  but  in  a  large  mafs,  juft  as  it  is  dug 
out  of  the  earth.  A  few  ounces  of  this  I 
put  into  an  earthen  tube,  open  at  both  ends. 
But  doling  one  of  them  with  a  cork,  while 
the  middle  part  of  the  tube  was  red-hot, 
and  the  other  orifice  was  furnifhed  with  an 
apparatus  proper  for  collecting  the  air  that 
might  be  expelled  from  it,  I  received  40 
ounce  meafures  of  air,  of  which  one-fixth 
was  fixed  air,  and  the  reft  of  the  ftandard  of 
1 .7,  lambently  inflammable.  No  more  air 
coming  in  this  dilpofition  of  the  apparatus,  I 
opened  the  other  end  of  the  tube,  and  with 
a  proper  contrivance  for  the  purpofe,  fent 
through  it  a  quantity  of  fteam ;  in  which 
circumftance  air  was  produced  more  copi- 
oully  than  before.  Of  this  I  received  about 
50  ounce  meafures,  obferving  that  one-fe- 

venth 
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venth  of  it  was  fixed  air,  and  the  reft  of  the 
ftandard  of  1.8,  not  lambently,  but  explo- 
fively  inflammable.  The  laft  portions  of 
this  air  were  very  turbid,  and  the  fmell  of 
the  air,  and  efpecially  that  of  the  laft  por¬ 
tion,  v/as  very  fulphureous,  and,  I  obferved, 
tinged  the  water  of  a  very  dark  colour,  by 
depofiting  in  it  a  quantity  of  blackifh  matter. 
However,  the  air  itfelf  became  prefently 
tranfparent,  and  had  no  other  appearance 
than  that  of  any  other  kind  of  air,  when  I 
left  in  my  trough  a  jar  filled  with  it. 

Having  been  intent  on  fome  other  experi¬ 
ments,  I  was  furprifed  to  find,  on  looking  on 
the  jar  about  ten  minutes  afterwards,  that 
it  was  quite  black,  fo  that  I  could  fee  no¬ 
thing  in  the  inflde  of  it.  In  order  to  ob- 
ferve  how  it  came  to  be  fo,  I  afterwards 

filled  another  jar  with  this  kind  of  air, 

>  * 

and  obferved  that  when  the  water  was 
well  fubfided,  black  fpecks  began  to  ap¬ 
pear  in  different  places,  and,  extending  them- 
felves  in  all  directions,  at  length  joined 
each  other,  till  the  whole  jar  was  perfectly 
black,  and  the  glafs  quite  opake.  When 

this 
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this  was  done,  I  transferred  the  air  to  an¬ 
other  clean  jar,  and  it  foon  produced  the  fame 
effedt  upon  this,  though  it  never  became  fo 
black  as  the  jar  in  which  it  had  been  firft 
received.  It  alfo  frequently  happened  that 
only  the  lower  part  of  the  jar  would  become 
black,  as  if  this  matter,  with  which  it  was 
loaded,  had  kept  fubfiding,  though  invifibly, 
in  the  mafs  of  air,  and  occupied  the  lower 
regions  of  it  only,  leaving  the  upper  part 
entirely  free  from  it.  When  the  veil'd s  thus 
tinged  black  were  expofed  to  the  open  air, 
that  colour  prefen tly  difappeared,  and  a  yel¬ 
low  or  brown  incruftation  was  left  upon  it. 

Thinking,  from  this  circumlbance,  that 
this  black  coating  coniifted  of  fome  volatile 
phlogiftic  matter,  I  placed  the  jars  which 
had  this  black  tinge  with  their  mouths  in¬ 
verted  in  veffels  of  water,  in  order  to  obferve 
the  effed  which  the  change  of  colour  might 
have  on  the  common  air  contained  in  them. 
In  thefe  circumftances  the  black  tinge  pre- 
fently  went  off,  and  was  fucceeded  by  the 
yellow  colour,  but  without  producing  any 
fenfible  change  .in  the  air.  In  fome  cafes, 

however. 
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however,  I*  thought  that  it  was  injured  y  but 
it  was  by  no  means  fo  much  fo  as  I  had  ex¬ 
pected.  After  depofiting  this  black  matter, 
the  air  ftill  retained  its  fulphureous  fmell, 
and  as  far  as  I  can  judge,  will  never  entirely 
leave  it. 

It  is  by  no  means  the  univerfal  property 
of  manganefe  to  yield  this  fulphurated  in¬ 
flammable  air,  but  muft  have  been  owing  to 
fomething  peculiar  to  this  fpecimen,  and 
perhaps  to  fomething  accidentally  mixed 
with  it.  For  when  I  repeated  the  experi¬ 
ment  with  other  manganefe,  which  I  had 
from  a  glafs-houfe,  in  which  it  is  ufed,  I 
had  no  fuch  appearance.  From  four  ounces 
of  this  manganefe,  treated  as  the  preceding, 
I  got  without  fleam,  256  ounce  meaflires  of 
air,  of  which  about  one-tenth  was  fixed  air. 
Then  fending  fleam  over  it,  I  got  more  air, 
but  in  no  great  quantity,  about  ten  ounce 
meafures  in  an  hour ;  though  probably  much 
more  might  have  been  procured,  if  the  pro- 
cefs  had  been  continued.  This  was  de- 
phlogifticated  ;  for,  mixed  with  two  equal 
meafures  of  nitrous  air,  the  ftandard  was 

0.28, 
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0.28,  which  (hews  that  it  was  exceedingly 
pure.  But  one-tenth  of  this  was  fixed  air, 
as  in  the  former  portion,  which  agrees  with 
the  experiments  I  formerly  made  with  this 
fubftance  when  I  found  that  heat  alone 
would  expel  from  it  a  quantity  of  very 
pure  air. 

The  next  time  that  I  got  this  fulphu rated 
inflammable  air,  was  as  unexpe&ed  as  the 
preceding ;  and  this  experiment  was  the  firft 
thing  that  gave  me  any  infight  into  the  na¬ 
ture  of  it.  Having  occafion  to  make  a  large 
quantity  of  inflammable  air,  inftead  of  frefh 
burnings  of  iron,  I  happened  to  take  feme, 
parts  of  which  had  been  heated  by  a  burn¬ 
ing  lens  in  vitriolic  acid  air,  in  which,  as  I 
have  obferved,  it  melts  with  great  readinefs, 
and  gathers  into  balls.  When  this  iron  was 
diffolved  in  diluted  oil  of  vitriol,  though 
there  were  only  a  few  pieces  in  the  quantity 
that  I  ufed  which  had  been  melted  in  this 
manner,  the  water  in  which  the  air  was  re¬ 
ceived  w7as  very  black,  and  depofited  more 
fediment  than  in  the  experiment  with  the 
manganefe.  The  jars  alfo  which  contained 

it 
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it  were  prefently  black  as  ink,  but  became 
yellow  when  expofed  to  the  open  air.  .This 
inflammable  air  had  alfo  the  fame  offenflve 
fulphureous  fmell  5  fo  that  there  could  be 
no  doubt  of  its  being  the  fame  kind  of  air 
which  I  had  got  from  Mr.  Woulfe’s  man- 
ganefe.  There  was  in  it,  however,  a  mix¬ 
ture  of  vitriolic  acid  air,  as  I  perceived 
when  I  burned  a  large  quantity  of  it  in  a 
glafs  balloon,  in  order  to  colledt  the  water 
that  might  be  produced  in'  this  procefs. 
All  the  infide  of  the  balloon  was  filled  with 
a  denfe  white  cloud,  all  the  time  that  the 
air  was  burning  in  it,  and  the  water  pro¬ 
duced  was  very  fenfibly  acid.  In  reality, 
the  fame  effedts  were  produced  as  if  ful- 
phur  had  been  burned  in  the  veffel. 

As  I  had  no  doubt,  but  that  the  iron 
which  had  been  melted  in  vitriolic  acid  air 
was  the  fame  as  what  is  called  fulphurated 
iron ,  or  iron  with  which  fulphur  is  incorpo¬ 
rated,  I  now  completely  afcertained  it  by 
making  a  quantity  of  fulphurated  iron,  dip¬ 
ping  it  when  red-hot  into  melted  fulphur. 
This  iron,  treated  as  the  other  had  been, 

yielded 
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yielded  exactly  fuch  air  as  I  have  been  de¬ 
fer!  bing,  fo  that  I  could  have  no  doubt 
with  refpect  to  the  real  origin  of  it. 

When  I  decompofed  this  air,  by  firing 
it  with  an  equal  quantity  of  dephlogifti- 
cated  air,  the  diminution  of  bulk  was  the 
fame  as  when  I  ufed  the  common  inflam¬ 
mable  air,  fo  that  it  did  not  appear  to  con¬ 
tain  either  more  or  lefs  phlogiflon  ;  but 
there  was  a  fmall  quantity  of  fixed  air  pro¬ 
duced,  which  is  never  the  cafe  with  in- 

0 

flammable  air  procured  with  oil  of  vitriol, 
though  it  is  when  it  is  procured  from  iron 
with  fpirit  of  fait. 

When  the  fulphurated  inflammable  air 
is  received  in  veflels  containing  mercury, 
there  is  very  little  black  matter  depofited 
from  it,  but  it  appears  when  it  is  tranf- 
ferred  into  veflels  containing  water. 

Though  jars  thinly  coated  with  this  black 
matter  become  yellow  when  expofed  to  the 
open  air,  this  is  not  the  cafe  with  that 
which  is  collected  from  the  water  in  which 
the  air  has  been 'confined.  For  when  the 
water  is  evaporated  from  it,  it  adheres  to 
Vol.  III.  M  the 
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the  evaporating  veffel  in  the  form  of  a  per¬ 
fectly  black  incruftation.  This  fubftance, 
though  it  does  not  burn  blue  on  a  hot 
iron,  yet  fhews  evident  figns  of  containing 
fulphur.  For  when  the  nitrous  acid  has 
taken  from  it  its  fuperfluous  phlogifton, 
it  has  both  the  colour  and  the  fmell  of 
fulphur. 


SECTION  VII. 

The  Analyjis  oj  different  Kinds  of  inflam - 

mable  Air . 


|3EFORE  I  proceed  to  the  analyfis  of 
the  different  kinds  of  inflammable  air, 
which  is  the  fubject  of  this  fedtion,  I  fiiall 
obferve,  that  the  pureft  we  can  procure 
(which  is  that  from  metals  by  folution  in 
the  mineral  acids,  or  rather  that  by  means 
of  fleam  from  red-hot  iron)  feems  to  con- 
fifl  of  phlogifton  and  water,  and  that  nei- 

ther 
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ther  acid  nor  alkali  is  a  neceftary  ingredient 
in  it ;  though,  when  it  is  produced  by  means, 
of  either  of  them,  a  fmall  portion  of  either 
may  be  retained  in  it,  as  an  extraneous 
fubftance.  That  this,  however,  is  the  cafe, 
has  been  very  clearly  fhewn  by  Mr.  Sene- 
bier,  though  I  think  that  the  production 
of  inflammable  air  by  means  of  iron  and 
fteam  only,  without  either  acid  or  alkali, 
fufficiently  proves  that  his  hypothefis  of 
inflammable  air  neceflarily  requiring  fome 
faline  bafis  cannot  be  well  founded. 

It  was,  indeed,  my  own  firft  opinion, 
that  inflammable  air  confifts  of  acid  and 
phlogifton.  Afterwards  I  adopted  the  opi¬ 
nion  of  Mr.  Kirwan,  viz.  that  it  is  pure 
phlogifton  in  the  form  of  air,  but  at  pre- 
fent  I  am  fully  fatisfied  with  the  opinion 
of  Mr.  Cavendish,  that  water  is  an  eflen- 
tial  ingredient  in  the  conftitution  of  this 
kind  of  air.  It  may,  indeed,  appear  extra¬ 
ordinary  that  fince,  according  to  the  hypo- 
thefts  which  at  prefent  feems  to  be  well 
eftablifhed,  water  itfelf  confifts  of  phlo¬ 
gifton  and  dephlogifticated  air,  this  water 

M  2  fhould 
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fhould  exift  in  inflammable  air  as  an  efien- 
tial  part  of  it,  without  being  refolved  into 
its  conftituent  principles.  But  we  are  as 
yet  ignorant  of  the  principles  of  com¬ 
bination  and  cohefion  in  the  parts  which 
compofe  natural  fubftances,  much  more  than 
we  are  with  refpedt  to  the  conftituent  parts 
themfelves  ;  though  it  is  very  poflible  that 
when  we  fhall  have  difcovered  the  latter 
(in  which  great  progrefs  is  making  every 
day)  the  knowledge  of  this  will  be  a  means 
of  throwing  fome  light  upon  the  former; 
fo  that  we  may  be  able  to  tell  why  any  par¬ 
ticular  fubflance  is  folid  or  fluid,  why  it 
exifts  in  the  form  of  elaftic  air,  why  metals 
are  of  a  firmer  texture  than  ftones  or  ful- 
phur,  or  why  fome  of  the  metals  fhould  be 
fo  much  harder  than  others,  concerning 
which  the  moft  knowing  among  us  cannot 
at  prefent  pretend  to  form  even  a  plaufible 
conjecture.  All  that  we  can  fay  is,  that 
no  mere  difficulty  of  conceiving  how  a  thing 
can  be,  fhould  be  admitted  as  an  argument 
againft  any  conclufion  fairly  deduced  from 
proper  premifes. 


That 
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That  no  acid  is  neceflarily  contained,  or 
at  lead:  in  any  fenflble  quantity,  either  in 
inflammable  air,  though  produced  by  means 
of  acids,  or  in  the  dephlogifticated  air  of 
the  atmofphere,  is  evident  from  the  follow¬ 
ing  experiment,  which  I  made  with  the 
greatefl:  care.  Taking  a  bafon  which  con¬ 
tained  a  fmall  quantity  of  water  tinged  blue 
with  the  juice  of  tumfole,  I  placed  in  it  a 
bent  tube  of  glafs,  which  came  from  a 
veflel  containing  iron  and  diluted  oil  of 
vitriol ;  and  lighting  the  current  of  inflam¬ 
mable  air,  as  it  iffued  from  this  tube,  fo  that 
it  burned  exadtly  like  a  candle,  I  placed 
over  it  an  inverted  glafs  jar;  fo  that  the 
mouth  of  it  was  plunged  in  the  liquor. 
Under  this  jar  the  inflammable  air  burned 
as  long  as  it  could,  and  when  it  was  ex- 
tinguifhed,  for  want  of  more  pure  air,  I 
fuffered  the  liquor  to  rife  as  high  as  it  could 
within  the  jar,  that  it  might  imbibe  what¬ 
ever  fhould  be  depofited  from  the  decom- 
pofition  of  either  of  the  two  kinds  of  air. 
I  then  took  off  the  jar,  changed  the  air  in 
it,  and  lighting  the  ftream  of  inflammable 

M  3  air. 
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air,  replaced  the  jar  as  before.  This  I  did 
till  I  had  decompofed  a  very  great  quantity 
of  the  two  kinds  of  air,  without  perceiving 
the  leaft  change  in  the  colour  of  the  liquor, 
which  mu  ft  have  been  the  cafe  if  any  acid 
had  entered  as  a  neceffary  conftituent  part 
into  either  of  the  two  kinds  of  air.  I  alfo 
found  no  acid  whatever  in  the  water  which 
was  procured  by  keeping  a  ftream  of  inflam¬ 
mable  air  conftantly  burning  in  a  large  glafs 
balloon,  through  wdiich  the  air  could  cir¬ 
culate,  fo  that  the  flame  did  not  go  out. 
Neither  was  there  any  acid  produced  in  the 
decompofition  of  inflammable  and  dephlo- 
gifticated  air  in  a  ftrong  clofe  glafs  vefTel. 

With  refpeeft  to  inflammable  air  itfelf, 
I  have  before  obferved,  that  when  fufficient 
care  is  taken  to  free  it  from  any  acid  vapour 
that  may  be  accidentally  contained  in  it,  it  is 
not  in  the  fmalleft  degree  affected  by  a  mix¬ 
ture  of  alkaline  air.  On  the  whole,  there-, 
fore,  I  have  at  prefent  no  doubt  but  that 
pure  inflammable  air,  though  it  certainly 
contains  water ,  does  not  neceflarily  contain 
any  acid.  Yet  an  acid  vapour  may  be  eaflly 

diftufed 
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difFufed  through  it,  and  may  perhaps  in 
many  cafes  be  obflinately  retained  by  it,  as 
no  kind  of  air  feems  to  be  capable  of  fo 
great  a  variety  of  impregnations  as  inflam¬ 
mable  air  is. 

That  there  are  different  kinds  of  inflam¬ 
mable  air,  has  been  obferved  by  moil  perfons 
who  have  made  any  experiments  on  air. 
That  which  has  been  mofl;  commonly  ob¬ 
ferved  is,  that  fome  of  them  burn  with 
what  may  be  called  a  lambent  flame ,  fome- 
times  blue,  fometimes  yellow,  and  fometimes 
white,  like  the  flame  from  wood  or  coals  in 
a  common  fire ;  whereas  another  kind  al¬ 
ways  burns  with  an  explojion,  making  more 
or  lefs  of  a  report,  when  a  lighted  candle  is 
dipped  into  a  jar  filled  with  it.  Of  the 
latter  kind  is  that  which  is  extracted  from 
metals  by  means  of  acids,  &c.  and  of  the  for¬ 
mer  kind  is  that  which  is  expelled  from 
wood,  coal,  and  other  fubflances  by  heat. 
It  has  alfo  been  obferved,  that  thefe  kinds 
of  inflammable  air  have  different  fpecific 
gravities,  the  purefl:  kind,  or  that  which  is 
extracted  from  iron,  &c.  being  about  ten 
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times  lighter  than  common  air,  but  fome 
of  the  other  kinds  not  more  than  twice  as 
light. 

The  caufe  of  this  difference  I  once 
thought  I  had  difeovered  to  be  the  heavier 
kinds  of  inflammable  air,  containing  a  pro¬ 
portion  of  fixed  air,  fo  intimately  combined 
with  them,  fo  as  not  to  be  difcoverable  by 
lime  water,  while  the  lighted:  kind  contain¬ 
ed  no  fixed  air  at  all.  This  hypotbefis  I 
formed  from  decompofing  them  with  com¬ 
mon  or  dephlogiflicated  air,  by  the  eledtric 
explofion.  For,  after  the  experiment  with 
the  heavier  kinds  of  inflammable  air,  I  al¬ 
ways  found  a  quantity  of  fixed  air  in  the  re- 
fiduum,  but  none  at  all  after  the  experiment 
with  the  lighted:  kind. 

In  order  to  decompofe  any  kind  of  in¬ 
flammable  air,  I  generally  mix  it  with  an 
equal  quantity  of  dephlogiflicated  air,  and 
then  confine  them  in  a  llrong  glafs  veffel, 
previoufly  filled  either  with  water  or  mer¬ 
cury,  and  I  make  an  eledtric  fpark  in  fome 
part  of  the  mixture,  by  means  of  wires  in- 
ferted  through  the  fides  of  the  veffel,  and 

nearly 
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nearly  meeting  within  it.  By  this  procefs, 
I  imagined,  that  I  was  able  to  afcertain  two 
things  relating  to  the  conftitution  of  differ¬ 
ent  kinds  of  inflammable  air,  viz.  the  quan¬ 
tity  of  combined  fixed  air  (as  I  then  thought 
it  to  be)  and  likewife  the  relative  quantity 
of  phlogifton  contained  in  each  of  them. 
The  former  appeared  by  walking  the  air 
with  lime  water  after  the  explofion,  and 
obferving  how  much  of  them  was  abforbed, 
and  the  latter  by  examining  the  refiduum 
with  the  teft  of  nitrous  air,  and  obferving 
the  purity  of  it.  In  moll  of  thefe  experi¬ 
ments  I  made  ufe  of  dephlogifticated  air,  in 
preference  to  common  air,  becaufe  I  could 
not  make  fome  kinds  of  inflammable  air  to 
explode  at  all  with  common  air.  Otherwife 
I  fhould  have  preferred  this,  as  being  the 
mod  nearly  of  the  fame  quality.  However, 
I  always  noted  the  degree  of  purity  of  the 
dephlogifticated  air  that  1  made  ufe  of  be¬ 
fore  I  began  any  of  thefe  analyfes. 

Finding,  however,  that  in  fome  cafes 
more  fixed  air  was  found  after  the  explofion 
of  the  two  kinds  of  air,  than  could  poffibly 

have 
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have  been  contained  in  the  inflammable  air, 
on  account  of  the  weight  of  it,  I  was  fatif- 
fled  that  there  muft  have  been  a  real  genera¬ 
tion  of  it,  by  an  union  of  the  inflammable 
and  dephlogiflicated  air.  It  is  remarkable, 
however,  that  fome  kinds  of  inflammable 
air  fhould  fo  readily  unite  with  dephlogifli¬ 
cated  air,  fo  as  to  make  a  confiderable  quan¬ 
tity  of  fixed  air  ;  and  that  others,  treated  in 
the  fame  manner,  fhould  not  do  this  at  all; 
and  alfo  that  thofe  which  do  it  fhould  be 
the  heavier  kinds  of  inflammable  air.  This 
Is  a  new  and  curious  fubjedt  of  inveftiga- 
tion. 

The  purefi  and  lighted:  inflammable  air 
is  that  which  is  extracted  from  iron,  and 
other  metals,  by  a  folution  in  the  acids,  or 
by  means  of  fleam.  One  meafure  of  this 
kind  of  air,  and  one  of  dephlogiflicated 
(fuch  as  that,  when  mixed  with  two  equal 
quantities  of  nitrous  air,  there  remained 
0.72  of  a  meafure)  exploded  together  in  the 
manner  defcribed  above,  wrere  reduced  to 
0.6  of  a  meafure,  no  fixed  air  was  found  in 
the  refiduum,  and  when  examined  with  an 

equal 
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equal  quantity  of  nitrous  air,  was  reduced 
to  0.87  of  a  meafure. 

With  the  fame  dephlogifticated  air  I  ex¬ 
amined  inflammable  air  that  had  been  got 
from  a  mixture  of  finery  cinder  and  char¬ 
coal,  and  found,  that  after  the  explofion, 
the  two  meafures  were  reduced  only  to 
1.85,  but  that  by  wafhing  in  the  lime  wa¬ 
ter,  they  were  reduced  to  i.2.  Confequently 
0.65  of  a  meafure  of  fixed  air  had  been  ge¬ 
nerated  in  the  procefs.  When  this  was  fe- 
parated  from  it,  and  the  remainder  examin¬ 
ed  by  nitrous  air,  it  appeared  to  be  of  the 
ftandard  of  0.9  ;  fo  that  the  dephlogifti- 
cated  air  had  been  more  injured  by  this  than 
by  an  equal  quantity  of  the  common  in¬ 
flammable  air,  though  the  difference  in  this 
refpedt  was  not  confiderable. 

In  another  procefs  with  this  kind  of  in¬ 
flammable  air,  the  diminution  after  the  ex¬ 
plofion  was  to  1.55,  and  that  after  the 
wafhing  in  lime  water  to  0.65  of  a  mea¬ 
fure  ;  fo  that  there  had  been  a  genera¬ 
tion  of  0.9  of  a  meafure  of  fixed  air.  In 
another  experiment  the  firfl  diminution 
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was  to  1.6,  and  the  fecond  0.66,  fo  that 
0.94  of  a  meafure  of  fixed  air  had  been 
produced.  And  laftly,  in  another  procefs, 
the  firft  diminution  was  to  1,6,  and  the  fe¬ 
cond  to  0.6  of  a  meafure;  fo  that  there 
was  a  generation  of  one  complete  meafure  of 
fixed  air,  and  this  was  a  clear  proof  that  it 
could  not  have  been  contained  in  a  combined 
ftate,  as  I  at  firft  imagined,  in  the  inflam¬ 
mable  air ;  ilnce  then  it  muft  have  been 
much  heavier  than  I  had  ever  found  it  to 
be;  for  though  I  found  the  fpeciftc  gravity 
of  it  to  be  fomething  different  at  different 
times  (and  the  preceding  experiments  were 
made  with  the  air  of  different  proceffes)  I  had 
never  found  that  40  ounces  meafure  of  this 
air  was  more  than  2  grains  heavier  than 
an  equal  bulk  of  common  air. 

This,  indeed,  is  a  remarkable  circum- 
ftance  with  refpedt  to  a  fpecies  of  inflamma¬ 
ble  air,  as  it  does  not  appear  by  the  teft  of 
lirne  water  to  contain  any  fixed  air;  but  it 
ought  to  have  weighed  more  than  one-half 
heavier  than  common  air,  to  have  actually 
contained  in  combination  all  the  fixed  air 

that 
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that  I  found  after  itsexplofion  with  the  de- 
phlogifticated  air.  Indeed,  if  any  quantity 
of  inflammable  air,  of  about  the  fame  fpeci- 
fic  gravity  with  common  air  (which  is  the 
cafe  with  that  fpecies  of  it  which  I  am  now 
confldering)  yield  fo  much  as  feven- tenths 
of  its  bulk  of  fixed  air,  in  confequence  of 
its  explofion  with  dephlogiflicated  air,  it  is 
a  proof  that  at  leaf!:  part  of  that  fixed  air  was 
generated  in  the  procefs,  hecaufe  feven-tenths 
of  fuch  fixed  air  would  weigh  more  than 
the  whole  meafure  of  the  inflammable  air. 

Inflammable  air  from  fpirit  of  wine  (made 
by  tranfmitting  it  in  vapour  through  a  red 
hot  earthen  tube)  being  analyfed  in  the 
manner  above  mentioned,  one  meafure  of  it, 
and  one  of  the  fame  dephogiflicated  air  that 
was  ufed  in  the  former  experiment,  were 
reduced  to  one  meafure,  and  by  waffling  in 
lime  water  to  0.6  of  a  meafure ;  fo  that  four- 
tenths  of  its  bulk  of  fixed  air  had  been  ge¬ 
nerated  in  the  procefs.  The  ftandard  of  the 
refiduutn  was  1.7;  fo  that  the  dephlogifti- 
cated  air  had  been  injured  much  more  than 
in  either  of  the  former  proceffes,  and  confe- 

quently 
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quently  it  mull  have  contained  more  phlo- 
gifton. 

I  found  confiderable  variations  in  the  ex¬ 
periments  with  this,  as  well  as  with  fome 
other  kinds  of  inflammable  air.  For,  in 
another  procefs,  in  which  the  earthen  tube 
had  been  filled  with  bits  of  crucibles  (in 
order  to  expofe  more  red  furface  to  the  va¬ 
pour  of  the  fpirit  of  wine)  the  firft  diminu¬ 
tion  was  to  1.6,  the  fecond  to  1.4;  and 
the  ftandard  of  the  refiduurn  was  1.84. 
In  another  procefs  with  this  kind  of  air,  the 
firft  diminution  was  to  1.2,  and  the  fecond 
to  0.9. 

Having  procured  a  quantity  of  inflam¬ 
mable  air,  by  tranfmitting  fteam  over  red 
hot  platina ,  1  analyfed  it  in  the  fame  man¬ 
ner,  and  found  that  the  two  meafures  were 
reduced  by  the  explofionto  0,72.  It  con¬ 
tained  no  fixed  air,  and  the  refiduurn  was  of 
the  ftandard  of  0.9. 

Inflammable  air,  procured  by  making 
fteam  pafs  over  melted  brimftone,  being  ex¬ 
amined  in  the  fame  manner,  the  firft  dimi¬ 
nution  was  to  0  6,  and  no  fixed  air  was 

found 
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found  in  it.  In  this  refped:  it  fee  ms  to 
have  been  the  fame  thing  with  inflammable 
air  from  iron,  but  the  ftandard  of  the  refi- 
duum  was  0.95  ;  fo  that  it  feems  to  have 
contained  more  phlogifton.  But  I  have 
found  the  ftandard  of  this  refiduum  fub- 
i e<ft  to  conllderabie  variations,  fuch  as  I 
could  not  well  account  for. 

Inflammable  air  procured  in  the  fame 
manner  from  melted  arfenic ,  appeared  to  be 
very  different  from  that  which  was  extracted 
from  brimftone.  For  the  two  meafures 
were  reduced  by  the  exploflon  to  1.15,  and 
by  wafhing  with  lime  water,  to  0.95  ;  fo 
that  one  fifth  of  its  bulk  of  fixed  air  had 
been  generated.  The  ftandard  of  the  refi- 
duum  was  0.82. 

At  the  fame  time  I  examined  fome  in¬ 
flammable  air,  that  had  been  made  by  heating 
bits  of  crucibles  in  alkaline  air ,  and  found 
that  the  two  meafures  wyre  reduced  by  the 
exploflon  to  0.96  of  a  meafure,  that  the 
refiduum  contained  no  fixed  air.  and  was 
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The  inflammable  air  that  is  made  from 
cether>  by  trail fmitting  the  vapour  of  it 
through  a  red  hot  earthen  tube,  very 
much  refembles  that  which  is  got  from 
Ijpirit  of  wine.  The  two  meafures  were 
reduced  by  the  explolion  to  1.36,  and  by 
washing  in  water  to  1.2  \  fo  that  0.16  of  a 
meafure  of  fixed  air  had  been  generated,  and 
the  refiduum  was  of  the  ftandard  of  1.9. 

Inflammable  air  procured  by  tranfmitting 

* 

ft  earn  over  red  hot  charcoal  of  metals ,  in  the 
fame  manner  as  it  is  got  from  other  char¬ 
coal,  produces  a  confiderable  quantity  of 
fixed  air.  For  when  the  experiment  was 
made  with  this  air,  the  firft  diminution  was 
to  2.12,  and  the  fecond  to  0.85  fo  that 
0.32  of  a  meafure  of  fixed  air  was  generated, 
and  the  ftandard  of  the  refiduum  was  1.9. 
This  analyfis  was  of  the  firft  portion  that 
came  in  the  prccefs.  The  fecond  was  fome- 
thing  different.  For  with  this,  the  firft  di¬ 
minution  was  to  1,0,  and  the  fecond  to  0.75, 
the  refiduum  being  the  fame  as  before,  viz. 
1.9.  Thirty  ounce  meafures  of  this  air 

,  weighed 
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weighed  8  grains  lefs  than  an  equal  bulk  of 

common  air. 

Analyzing  the  inflammable  air  from  coab, 
or  the  charcoal  of  pitcoal  produced  by 
fleam,  the  fir  ft  diminution  was  to  1.15,  and 
the  fecond  to  0.95  3  fo  that  one  fifth  of  its 
bulk  of  fixed  air  was  generated.  The  ftan- 
dard  of  the  refiduum  was  1.9.  But  I  muft 
obferve,  that  the  dephlogifticated  air  with 
which  this  experiment  was  made,  was  fo 
impure  as  hardly  to  deferve  the  name.  For 
two  meafures  of  nitrous  air  and  one  of  this, 
occupied  the  fpace  of  two  meafures.  But 
this  circumftance  may  not  afFed  the  quan¬ 
tity  of  fixed  air  generated  in  the  procefs. 
Thirty  ounce  meafures  of  this  air  weighed 
ten  grains  lefs  than  an  equal  bulk  of  com¬ 
mon  air. 

Analyzing  the  inflammable  air  that  was 
produced  in  the  fame  manner  from  fpirit  of 
turpentine ,  the  firft  diminution  was  to 
1.7,  and  the  fecond  to  1.6;  fo  that  only 
one  tenth  of  fixed  air  was  produced.  The 
refiduum  was  of  the  ftandard  of  1.9.  Thirty 
ounce  meafures  of  this  air  weighed  eight 

VoL.IH.  N  grains 
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grains  lefs  than  an  equal  bulk  of  common 
air. 

When  the  vapour  of  fpirit  of  wine  was 
made  to  pafs  over  melted  metals,  inflam¬ 
mable  air  was  produced  from  it  juft  as  if 
no  metals  had  been  concerned  $  but  when 
I  examined  the  air  that  was  procured  in 
this  manner,  it  did  not  appear  to  be  quite 
the  fame  with  that  which  came  from  pure 
fpirit  of  wine.  Analyzing  the  air  that  was 
produced  in  a  procefs  with  copper  y  the  firft 
diminution  was  to  1.7,  the  fecond  to 
1.56,  and  the  ftandard  of  the  reflduum  was 
1.78.  Thirty  ounce  meafures  of  this  air 
weighed  feven  grains  lefs  than  an  equal 
bulk  of  common  air. 

In  another  procefs  with  inflammable  air, 
procured  in  this  manner,  the  firft  diminu¬ 
tion  was  to  1.55,  the  fecond  to  1.48,  and 
the  reflduum  was  of  the  ftandard  of  1.86. 
Thirty  ounce  meafures  of  this  air  weighed 
8|  grains  lefs  than  an  equal  bulk  of  com¬ 
mon  air.  This  air,  it  is  obfervable,  pro¬ 
duced  much  lefs  fixed  air  than  the  other, 
and  it  was  alfo  fpeciflcally  lighter  than  it. 

When 
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When  this  procefs  was  made  with  the 
air  procured  by  tranfmitting  vapour  of  fpi- 
rit  of  wine  over  melted  fiver,  the  firft  di¬ 
minution  was  to  1.9,  the  fecond  to  1.78, 
and  the  standard  of  the  refiduum  was  1,9. 
Thirty  ounce  meafures  of  this  air  weighed 
eight  grains  lefs  than  an  equal  bulk  of 
common  air. 

In  the  analyfis  of  the  air  procured  by 
this  procefs  from  lead ,  the  firft  diminu¬ 
tion  was  to  1.78,  the  fecond  to  1.6,  and 
theftandard  of  the  refiduum  was  1.78. 

I  examined,  at  the  fame  time,  inflammable 
air  procured  from  bones ,  and  alfo  from 
charcoal ,  viz.  by  tranfmitting  fteam  over 
them  when  they  were  red  hot  in  earthen 
tubes,  when  all  air  had  been  previoufly  ex¬ 
pelled  from  them  by  heat.  With  the  for¬ 
mer,  the  firft  diminution  was  to  0.67,  and 
the  fecond  to  0.58  ;  fo  that  the  fixed  air 
produced  was  extremely  inconfiderable,  viz. 
only  0.09  of  an  ounce  meafure.  The  ftan- 
dard  of  the  refiduum  was  1.47.  In  the 
experiment  with  the  air  from  charcoal \  the 
firft  diminution  was  to  1.5,  and  the  fecond 
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to  0.74  ;  fo  that  the  fixed  air  was  0.76,  and 
the  ftandard  of  the  refiduum  was  1.7.  From 
this  experiment  it  may  be  inferred,  as 
mentioned  before,  that  inflammable  air 
from  bones ,  is  a  kind  of  medium  between 
that  from  metals ,  and  that  from  charcoal . 
In  another  procefs  with  air  from  charcoal, 
the  firft  diminution  was  to  0.82,  and  the 
fecond  to  0.63,  and  the  ftandard  of  the  refi¬ 
duum  was  1.37. 

I  made  the*  following  experiment  to  as¬ 
certain  how  much  phlogifton  is  contained 
in  inflammable  air  from  charcoal.  In  five 

ounce  meafures  of  this  kind  of  air,  I  re- 
/  * 

♦ 

vived  lead  from  maflicot  till  it  was  reduced 
to  three  fourths  of  an  ounce  meafure,  when 
the  lead  revived  weighed  ten  grains,  and 
there  remained  one  ounce  meafure  of  fixed 
air.  But  the  minium  itfelf  yielded  a  little 
fixed  air. 

It  is  obfervable,  that  when  wood  is 
heated  in  an  earthen  retort,  the  firft  air  that 
comes  over  is  confiderably  different  from 
that  which  comes  in  the  middle,  or  at  the 
end  of  the  procefs.  Indeed  the  properties  of 

it 


Kinds  of  inflammable  Air.  1 8 1 

it  are  continually  changing  during  the  whole 
procefs.  The  firfl:  portion  burns  with  a 
lambent  white  flame,  like  that  from  burn¬ 
ing  wood  in  an  open  fire ;  afterwards  the 
flame  is  blue,  and  towards  the  end  of  the 
procefs  it  is  conflderably  explofive,  almoft 
like  air  from  iron.  Alfo  the  air  that  comes 
over  firfl:  is  very  turbid,  owing  perhaps,  to 
oily,  and  other  matters,  that  are  rendered 
volatile  by  heat. 

Having  procured  air  from  dry  beech- 
wood,  I  examined,  in  the  method  defcribed 
above,  the  firfl;  portion  of  it,  and  alfo  one 
of  the  middle  ones.  The  former  1  found 
to  contain  \\  tenths  of  its  bulk  of  uncom- 
bined  fixed  air,  the  fecond  portion  only  two 
tenths.  Afterwards  it  is  well  known  that 
air  procured  in  this  manner  ceafes  to  have 
any  uncombined  fixed  air  in  it. 

When  I  examined  the  firfl  portion  of  air, 
after  the  uncombined  fixed  air  had  been 
feparated  from  it,  the  firfl:  diminution  was 
to  1.36,  and  the  fecond  to  0.9  y  fo  that 
0.46  of  a  meafure  of  fixed  air  was  generated, 
and  the  llandard  of  the  refiduum  was  1.9. 

N  3  When 
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When  the  fecond  portion  was  examined, 
after  the  uncombined  fixed  air  was  like- 
wife  feparated  from  it,  the  firft  diminution 
was  to  1.66,  and  the  fecond  to  1.46;  fo 
that  the  fixed  air  generated  in  the  procefs, 
was  0.2  of  a  meafure,  that  is,  lefs  than  in 
the  former  experiment,  and  in  nearly  the 
fame  proportion  as  the  uncombined  fixed 
air  had  been.  The  ftandard  of  the  refiduuni 
in  this  laft  cafe  was  i.ir.  At  the  fame 

*+  j  * 

time  repeating  the  experiment  with  the 
fame  dephlogifticated  air  and  inflammable 
air  from  iron,  the  diminution  after  the  ex- 
plofion  was  to  0.55,  and  the  ftandard  of 
the  refiduum  was  1.48,  which  is  the  ufual 
refult  of  the  dccompofition  of  inflammable 
and  dephlogifticated  air,  when  both  of 
them  are  as  pure  as  they  are  generally  pro¬ 
cured. 

There  was  a  great  quantity  of  fixed  air 
produced  by  the  decompofition  of  fome 
inflammable  air  extracted  from  fome  rich 
mold  in  a  gun-barrel,  which  Mr.  Young 
was  fo  obliging  as  to  fend  me.  It  burned 
with  a  lambent  blue  flame,  and  had  a  pe¬ 
culiarly 


1 


Kinds  of  inflammable  Air .  1 83 

culiarly  offenfive  fmell,  the  fame,  as  he  ob- 
ferves  to  me,  that  is  yielded  by  air  pro¬ 
cured  from  putrid  vegetables.  Of  this  air 
one  twentieth  part  is  uncombined  fixed  air. 
When  this  was  feparated  from.it,  and  the 
remainder  decompofed  with  dephlogifti- 
cated  air,  the  firft  diminution  was  to  1.4, 
and  the  fecond  to  0.67 ;  fo  that  there  was 
a  generation  of  o.  73  of  a  meafure  of  fixed  air. 
The  refiduum  was  of  the  ftandard  of  0.6. 

The  inflammable  air  that  is  procured 
from  cafl  iron  has  a  peculiarly  offenfive 
fmell.  On  this  account  I  had  imagined 
that  it  might  contain  more  phlogifton  than 
common  inflammable  air,  fo  as  to  abforb 
more  dephlogifticated  air  than  the  other. 
But  this  did  not  appear  to  be  the  fad:.  For 
when  I  mixed  one  meafure  of  each  of  the 
kinds  of  inflammable  air  with  four  mea- 
fures  of  common  air,  the  diminution  after 
the  explofion,  was  the  very  fame  with  both, 
viz.  to  1.56. 

Though  I  think  it  to  be  unqueftion- 
able,  from  the  preceding  experiments,  that 
part  at  lead  of  the  fixed  air  which  is  found 
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on  the  decompolition  of  lambent  inflam* 
mable  air  is  generated  in  the  procefs  ;  yet, 
in  another  experiment  that  I  made,  it  fliould 
feem  that  fixed  air,  or  the  elements,  as  we 
may  fay,  of  fixed  air,  may  enter  into  the 
compofition  of  inflammable  air,  and  ac¬ 
tually  remain  there,  without  being  dif- 
coverable  by  lime-water. 

I  took  a  quantity  of  faked  lime ,  which 
had  been  long  kept  clofe  corked  in  a  bottle, 
and  found  that  when  it  was  heated  in  an 
earthen  retort,  it  gave  air,  of  which  one 
fifth  was  for  the  mo  ft  part  fixed  air  ;  but 
in  the  gun -barrel  the  fame  lime  yielded 
no  fixed  air  at  all,  but  a  great  quantity  of 
pure  inflammable  air,  of  the  explofive  kind, 
like  that  which  is  got  from  iron  alone  with 
water.  That  the  water  in  flaked  lime  will 
enable  the  iron  of  the  gun-barrel  to  yield 
inflammable  air  cannot  be  queftioned,  but 
then  what  became  of  the  fixed  air  which 
the  fame  lime  would  have  yielded  in  an 
earthen  retort  ? 

This  experiment  appearing  rather  extra¬ 
ordinary,  I  repeated  it,  with  all  the  at  ten- 
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tion  I  could  give  to  it,  and  had  the  follow¬ 
ing  refult.  I  heated  three  ounces  of  flaked 
lime  (but  which  had  been  fome  time  ex- 
pofed  to  the  open  air)  in  an  earthen  ;tube, 
and  got  from  it  14  ounce  meafures  of  air, 
of  which  only  21  meafures  remained  unab- 
forbed  by  water,  all  the  reft  being  fixed  air. 
This  refiduum  was  flightly  inflammable, 
but  not  perfectly  phlogifticated.  For,  ex¬ 
amining  it  with  the  teft  of  nitrous  air,  the 
ftandard  of  it  was  1.6. 

Immediately  after  this  I  heated  another 
three  ounces  of  the  fame  flaked  lime  in  a 
gun  barrel,  and  got  from  it  about  20  ounce 
meafures  of  air,  of  which  no  part  was  fixed 
air,  but  all  inflammable.  I  expe&ed,  how¬ 
ever,  to  have  found  fixed  air  on  the  decom- 
pofition  of  this  inflammable  air  with  de- 
phlogifticated  air ;  but  after  this  procefs  it 
appeared  to  be  exadtly  fuch  inflammable  air 
as  is  procured  from  metals  by  the  mineral 
acids,  or  rather  by  fteam.  For  the  dimi¬ 
nution  of  the  two  kinds  of  air  was  the 
fame,  and  though  there  was  fome  appearance 
of  fixed  air  in  the  refiduum,  it  was  not  fo 

much 


much  as  is  found  after  the  decompofition 
of  the  inflammable  air  that  is  procured  by 
means  of  fpirit  of  fait.  In  this  cafe,  there¬ 
fore,  there  are  no  lefs  than  1 1  ■§  ounce  mea- 
fures  of  fixed  air  abfolutely  unaccounted  for, 
unlefs  it  be  fuppofed  that  it  was  refolved 
into  its  conftituent  principles,  phlogifton 
or  dephlogifticated  air,  and  that  the  latter 
was  decompofed  as  it  was  produced.  This, 
therefore,  I  think  mufi:  have  been  the  cafe. 

Thinking  that  the  two  kinds  of  air  might 
incorporate  when  one  of  them  was  gene¬ 
rated  within  the  other,  I  filled  a  gun  barrel 
previoufly  full  of  mercury  with  fixed  air, 
and  put  the  clofed  part  of  it  into  a  hot  fire. 
Inflammable  air  was  accordingly  produced, 
but  when  the  fixed  air  was  feparated  from 
it,  it  exploded  juft  like  inflammable  air  from 
iron  only. 

I  made  an  experiment  fomething  fimilar 
to  this,  by  heating  iron  turnings  in  five 
ounce  meafures  of  fixed  air,  when  the  quan¬ 
tity  of  it  was  increafed  about  one  ounce  mea- 
fure,  and  there  remained  i  and  |  of  an  ounce 
meafure  unabforbed  by  water.  This  was  in¬ 
flammable, 
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flammable,  and  burned  with  a  lambent  blue 
flame,  not  like  inflammable  air  from  iron. 
It  fliould  feem,  therefore,  that  in  this  ex¬ 
periment,  \  of  an  ounce  meafure  of  inflam¬ 
mable  air  had  been  formed  by  the  union  of 
the  fixed  air  with  the  phlogifton  from  the 
iron.  This  experiment  I  repeated  with  the 
fame  refult,  and  1  farther  obferved,  that 
though  the  inflammable  air  procured  in  this 
manner  did  not  appear,  by  the  teft  of  lime 
water,  to  contain  any  fixed  air,  yet  when 
it  was  decompofed,  by  being  fired  together 
with  an  equal  quantity  of  dephlogifticated 
air,  fixed  air  was  found  in  the  refiduum. 
For  the  firft  diminution  was  to  1.45,  and 
one-third  of  this  refiduum  was  fixed  air. 
From  this  fadt  it  fhould  feem  that,  though 
in  fome  cafes,  fixed  air  mu  ft  be  generated  by 
the  decompofition  of  inflammable  and  de¬ 
phlogifticated  air,  yet  that  inflammable  air, 

,  when  thus  produced  in  contadt  with  fixed 
air,  may  combine  with  it,  fo  as  to  be  properly 
contained  in  it,  and  in  fuch  a  manner,  as  that 
it  cannot  be  difcovered  by  lime  water. 

.  I  alfo 
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I  alfo  obferved,  after  Mr.  Metherie, 
that  though  no  fixed  air  be  found  on  the 
decompofition  of  dephlogifticated  air  with 
inflammable  air  procured  by  means  of  oil 
of  vitriol,  a  fmall  quantity  is  produced 
when  the  inflammable  air  is  procured  by 
means  of  fpirit  of  fait.  I  did  not  find, 
however,  more  than  a  fortieth  part  of  the 
refiduum  to  be  fixed  air,  when  I  decom- 
pofed  equal  quantities  of  the  two  kinds  of 
air. 

I  found  fome  appearance  of  fixed  air,  but 
even  lefs  than  in  'the  laft-mentioned  expe¬ 
riment,  when  I  heated  red  precipitate  in 
inflammable  air  procured  by  means  of  fpirit 
of  fait.  For  there  was  a  flight  turbid  ap¬ 
pearance  in  the  lime  water  to  which  it  was 
admitted,  but  I  could  not  meafure  any  cer¬ 
tain  diminution  of  bulk  from  agitation,  as 
in  the  other  cafe. 
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SECTION  VIII. 


*The  Analyjis  of  Alkaline  Air . 
HAT  alkaline  air  contains  phlogifton 


«*■  appears  both  by  the  calces  of  metals 
being  revived  in  it,  and  by  its  being  con¬ 
verted  into  a  fpecies  of  inflammable  air,  by 
the  eledlric  explofion,  and  other  proceffes. 
By  the  following  experiments  it  feems  to 
contain  lefs  phlogifton  than  an  equal  bulk 
of  inflammable  air  from  iron,  and  about 
one-fourth  of  its  bulk  of  phlogifticated  air. 
But  it  is  not  pofiible  to  afcertain  this. with 
perfect  exaftnefs,  from  the  nature  of  the 


I  fhall  therefore  recite  the  ex¬ 


periments  in  the  order  in  which  they  were 
made,  fome  of  them  being  more,  and  others 
lefs  accurate. 

I  firft  obferved  that  fome  majjicot ,  which 
I  ufed  in  fome  of  thefe  experiments,  con¬ 
tained  a  portion  of  fixed  air,  which  could 
be  expelled  from  it  by  heat  5  but  when  I 
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melted  it  in  alkaline  air,  by  which  means 
the  lead  was  always  revived,  I  found  no 
fixed  air  in  the  refiduum,  but  only  pure 
phlogifticated  air.  This,  however,  is  eafily 
accounted  for,  as  the  alkaline  air  would 
immediately  unite  with  any  fixed  air  that 
fhould  be  fet  loofe  in  the  procefs. 

With  refpedt  to  the  quantity  of  lead  re¬ 
vived  in  alkaline  air,  it  is  difficult  to  be 
afcertained,  on  two  accounts.  In  the  firft 
place,  fome  of  the  calx  is  blackened,  and 
imperfectly  revived ;  and  again,  if  particu¬ 
lar  care  be  not  taken,  the  lead  that  is  re¬ 
vived  will  be  diffolved  in  the  mercury,  by 
which  the  air  muft  neceflarily  be  confined. 
To  prevent  this  laft  inconvenience,  I  put 
the  powdered  mafficot  into  fmall  earthen 
cups,  which  I  contrived  to  place  with  their 
mouths  upwards,  fo  that  when  the  lead 
was  revived,  by  means  of  a  burning  lens,  it 
would  remain  in  the  cup,  and  not  mix  with 
the  mercury  by  which  it  was  fupported. 
On  thefe  accounts,  however,  the  largeft 
quantity  of  lead  that  was  revived  muft  al¬ 
ways  be  confidered  as  neareft  the  truth. 
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In  three  ounce  meafures  of  alkaline  air* 

I  firft  revived  fix  grains  of  lead,  then  in  3J 
16  grains,  in  2\  13  grains,  and  in  3!  12 
grains.  In  five  ounce  meafures  I  revived 
10  grains,  befides  blackening  a  quantity  of 
it,  and  there  remained  one  ounce  meafure  of 
phlogifticated  air.  But  the  experiment 
which  I  made  with  the  moft  care,  and  on 
which  I  place  the  greateft  dependence,  was 
the  following. 

In  ounce  meafures  of  alkaline  air,  I 
revived  26^  grains  of  lead,  and  there  re¬ 
mained  2f  ounce  meafures  of  phlogifticat¬ 
ed  air.  In  this  proportion  100  ounce 
meafures  of  alkaline  air  would  revive  352 
grains  of  lead  j  whereas  100  ounce  meafures’ 
of  inflammable  air  from  iron  would  revive 
480  grains  of  lead.  But  alkaline  air  is  re- 
folvable  into  confiderably  more  than  twice 
its  bulk  of  inflammable  air,  and  therefore 
it  might  have  been  expedted  that  it  would 
have  revived  much  more  lead.  Would  it 
not,  therefore  follow  from  this,  that  phlo¬ 
gifticated  air  contains  a  very  great  quantity 
of  phlogifton,  many  times  more  than  an 

equal 
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equal  bulk  of  pure  inflammable  air.  Sup- 
poling  alkaline  air  to  be  refolvable  into  no 
more  than  twice  its  bulk  of  inflammable  air, 
a  hundred  ounce  meafures  of  it  ought  to 
revive  960  grains  of  lead.  But  in  the  pro¬ 
portion  mentioned  above,  it  would  revive 
no  more  than  608  grains.  As  muchphlo- 
giflon,  therefore,  as  would  revive  342  grains 
of  lead  (which  is  the  difference  between 
thefe  two  numbers)  fhould  be  contained  in 
about  25  ounce  meafures  of  phlogiflicated 
air.  Confequently  100  ounce  meafures  of 
phlogiflicated  air  would  revive  1368  grains 
of  lead,  which  is  more  than  twice  as  much 
as  an  equal  quantity  of  pure  inflammable 
air  would  revive.  It  mull,  however,  be 
considered,  that  the  inflammable  air,  into 
which  alkaline  air  is  refolvable,  is  not  the 
fame  with  that  which  is  procured  from  iron, 
and  may  contain  much  lefs  phlogiflon. 

To  thefe  experiments,  on  the  revival  of 
lead  in  alkaline  air,  I  fhall  fubjoin  an  ac¬ 
count  of  fome  that  were  made  with  other 
calces,  heating  them  all,  when  confined  by 
this  air,  by  means  of  a  burning  lens. 
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Glafs  of  antimony  abforbed  a  part  of  the 
alkaline  air,  and  there  was  the  appearance 
of  metal  in  feveral  fmall  globules,  whereas 
I  could  get  no  fuch  appearance  from  the 
fame  fubftance  in  inflammable  air. 

By  heating  fcales  of  iron  in  alkaline  air, 
it  was  much  increafed  in  quantity,  and  then 
I  found  it  to  contain  no  fixed  air,  but  the 
whole  was  ftrongly  inflammable.  No  wa¬ 
ter  was  produced  in  this  procefs.  The  iron 
was  revived,  being  perfedly  foluble  in  di¬ 
luted  oil  of  vitriol ;  and  from  being  24 
grains  had  loft  one  grain  in  weight. 

As  alkaline  air  evidently  contains  phlo- 
gifton,  and  as  fuch  was  capable  of  reviving 
lead,  and  no  doubt  the  other  metals,  I  had 
the  curiofity  to  make  ufe  of  it  in  other  cirr 
cumftances  in  which  1  had  before  ufed  in¬ 
flammable  air ;  and  among  other  things  I 
tried  the  effedl  of  heating  red  precipitate  in 
it.  That  the  mercury  fhould  be  revived  in 
this  procefs  is  nothing  extraordinary,  be- 
caufe  it  will  be  revived  from  the  fame  fub¬ 
ftance  in  any  kind  of  air,  and  even  in  vacuo , 
the  heat  applied  to  it  expelling  from  it  the 
Vol,  III.  O  dephlo- 
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dephlogifiicated  air  which  it  contains. 
But  there  is  one  circumftance  attending  this 
experiment  which  I  cannot  fatisfad:orily 
account  for.  At  the  fame  time  that  the 
metal  revives,  aconfiderable  quantity  of  wa¬ 
ter  is  produced,  whereas  little  or  none  is 
found  when  the  fame  fubftance  is  revived 
in  inflammable  air.  It  has  even  run  down 
in  drops  in  the  infide  of  a  vefiel  which  con¬ 
tained  about  five  ounces  meafures  of  the 
air.  The  air  which  remained  after  this 
procefs  was  about  half  as  much  as  the  ori¬ 
ginal  quantity  of  alkaline  air,  and  it  had  in 
it  a  quantity  of  undecompofed  dephlogifti- 
cated  air.  For  with  two  equal  meafures  of 
nitrous  air,  the  ftandard  of  it  was  1.4,  and 
there  was  nothing  inflammable  in  it. 

Again,  I  threw  the  focus  of  the  lens  upon 
red  precipitate,  in  alkaline  air,  till  three 
meafures  of  it  were  reduced  to  two.  Water 
was  produced  in  the  procefs,  and  the  air 
that  remained  was  confiderably  dephlogifti- 
cated  ;  the  llandard  of  it,  with  a  mixture  of 
two  equal  meafures  of  nitrous  air,  being 
1.7. 
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But  in  another  experiment  of  this  kind, 
there  muft  have  been  a  quantity  of  inflam¬ 
mable  air  fet  loofe  from  the  alkaline  air,  as 
well  as  deplogiflicated  air  from  the  red  pre¬ 
cipitate;  becaufe,  after  the  operation  had  con¬ 
tinued  fome  time,  there  was  a  violent  explo- 
fion  within  the  veffel;  which  threw  it  many 
feet  perpendicularly  into  the  open  air,  as  I 
was  holding  it  in  my  hands.  In  this  expe¬ 
riment  I  had  been  particularly  careful  to 
make  every  thing  concerned  in  it  as  dry  as 
I  poflibly  could,  in  order  to  fatisfy  myfelf 
with  refpedt  to  the  production  of  the  water 
which  I  had  found  before;  and  there  was 
time  enough  before  the  explofion  to  obferve 
that  water  was  certainly  produced  in  the 
procefs.  To  appearance  the  quantity  of 
air  was  never  much  diminifhed. 

That  water  fhould  be  produced  when 
the  fcales  of  iron  are  heated  in  alkaline  air, 
which  I  found  to  be  the  cafe,  is  not  extra¬ 
ordinary,  as  the  fame  is  found  on  heating 
this  fubftance  in  inflammable  air;  and  it 
appears  to  contain  within  itfelf  the  water 
that  is  expelled  from  it.  Alfo  though,  in 
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the  experiment  with  red  precipitate  and  al¬ 
kaline  air,  neither  of  the  fubftances  contain 
the  water;  yet  each  of  the  elements  of  water 
are  contained  in  them,  viz.  the  dephlogifti- 
cated  air  in  the  red  precipitate,  and  the 
phlogifton  in  the  alkaline  air.  But  the  dif¬ 
ficulty  is  how  to  account  for  the  formation 
of  water  in  this  cafe,  and  the  non-formation 
of  it  when  inflammable  air  is  ufed.  The 
difference  of  circumftances  in  the  two  cafes 
is,  that  the  inflammable  air  is  ready  formed 
in  the  one  cafe,  whereas  the  elements  of  it 
only  are  contained  in  the  alkaline  air.  But 
how  this  difference  in  the  circumftances 
fhould  occafion  this  difference  in  the  refult 
I  cannpt  tell ;  fo  that  this,  together  with 
many  other  things,  muft  remain  to  be  in- 
veftigated  by  future  experiments. 


SEC- 
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Of  the  Converfion  of  Alkaline  Air  into  Inf  am* 

mable  Air . 

T  FORMERLY  found  that,  by  taking  the 
eledtric  fpark  in  alkaline  air,  a  very  re¬ 
markable  change  was  made  in  it,  as  from 
being  a  fpecies  of  air  moft  readily  abforbed 
by  water,  it  became  immifcible  in  water, 
being  proper  inflammable  air,  and  nearly 
three  times  its  former  bulk.  I  had  then 
only  obferved  the  Ample  fad,  but  had  made 
no  progrefs  in  the  inveftigation  of  the  caufe . 

I  have  flnce  made  a  few  fteps  towards  it, 
and  have  found  that  the  change  is  pro¬ 
duced  by  heat .  But  in  what  manner  it  ope¬ 
rates  to  produce  this  effedt  remains  to  be 
enquired  into. 

When  I  reflected  upon  this  change  of  the 
alkaline  air  by  the  eledtric  exploflon,  I  % 
confldered  that  it  might  be  produced  either 
by  electricity  as  fuch,  or  by  the  light,  or  the 
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heat ,  which  accompany  the  experiment. 
In  order  to  try  the  effect  of  light,  I  expofed 
a  fmali  quantity  of  alkaline  air  to  a  ftrong 
light  made  by  a  burning  lens,  for  feveral 
hours.  But  this  made  no  lenfible  change  in 
the  quantity  of  it.  I  therefore,  concluded 
that  the  proper  agent  in  this  procefs  was 
not  light. 

1  did  not  immediately  proceed  to  try  the 
effect  of  heat,  but  obferved  it  by  accident 
fome  time  afterwards,  in  the  following 
manner.  At  the  time  that  I  was  reviving 
metals  in  inflammable  and  alkaline  air,  I 
put  a  quantity  of  ochre  into  the  latter,  ex¬ 
pecting  to  revive  it  in  the  form  of  iron ; 
and  in  this  I  feemed  to  fucceed,  as  the 
ochre  became  black  in  the  courfe  of  the 
procefs.  But  wdiat  ftruck  me  the  molt  was, 
that  inftead  of  perceiving  the  quantity  of 
air  to  decreafe,  as  I  had  expeCted,  there  was 
very  foon  a  vifible  increafe  of  it.  Examin¬ 
ing  the  air,  I  found  it  to  contain  no  fixed 
air,  and  to  be  all  ftrongly  inflammable. 

Still  attending  to  other  circumftances  be- 
fides  the  change  of  the  alkaline  air,  I  pro^ 
1  ceeded 
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ceeded  to  heat  in  it  fcales  of  iron,  and  iron 
itfelf,  of  different  kinds,  and  Hill  found  that 
the  air  was  increafed  in  quantity,  and 
changed  in  its  quality.  But  in  this  way  I 
could  never  increafe  the  bulk  of  the  air 
more  than  twice,  and  feldom  quite  fo 
much.  Alfo,  after  the  procefs,  when  I 
could  make  no  farther  change  in  the  air,  I 
ftill  perceived  a  very  ftrong  fmell  of  volatile 
alkali.  The  iron  had  undergone  no  change 
that  I  could  difcover,  fo  that  I  concluded 
that  the  air  had  been  affeded  by  means  of 
heat  only. 

To  afcertain  this,  I  then  proceeded  to 
heat  in  the  alkaline  air  bits  of  dry  cruci¬ 
bles,  or  of  earthen  retorts,  which  had  been 
juft  before  expofed  to  very  great  heats,  fo 
that  they  could  not  be  fuppofed  to  give  out 
any  air  in  this  procefs,  and  therefore  could 
only  ferve  to  produce  a  ftrong  heat  in  the 
alkaline  air.  The  refult  feemed  to  con¬ 
firm  my  fuppofition.  For  in  thefe  experi¬ 
ments  with  earthy  fubftances  the  effed  was 
always  the  fame  as  when  I  had  made  ufe  of 
ochre  or  iron.  The  air  was  increafed  in 
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bulk,  but  the  quantity  not  quite  doubled, 
and  it  was  become  inflammable. 

The  bits  of  white  earthen  ware  having 
always  become  black  in  this  procefs,  I  fuf- 
pedted  that  this  kind  of  fubftance  might 
have  afFedted  the  air  in  fome  other  way  than 
by  merely  communicating  heat  to  it.  To 
try  this,  I  ufed  the  fame  fmall  bit  of  cru¬ 
cible  again  and  again,  and  finding  the  fame 
effedt  from  heating  it  at  the  lafl,  as  at  the 
firft,  I  could  not  help  concluding  that  the 
change  produced  in  the  air  had  been  effedted 
by  means  of  heat  only. 

In  all  thefe  experiments,  however,  there 
was  a  ftrong  light  as  well  as  an  intenfe  heat 
concerned.  In  order  to  afcertain,  there¬ 
fore,  whether  the  light,  at  leaf;  in  con- 
j  undiion  with  heat,  might  not  have  had 
fome  efFedt  in  this  change  of  the  air,  I 
heated  a  quantity  of  it  in  a  coated  green 
glafs  retort.  The  mouth  of  the  retort  was 
plunged  in  a  bafon  of  mercury,  and  I  re¬ 
ceived  in  a  glafs  tube  filled  with  water  all 
the  air  that  was  driven  out  of  the  retort 
by  heat.  At  firft  it  was  all  abforbed  by  the 
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water,  being  merely  alkaline  air  expelled 
by  rarefa&ion,  But  when  I  concluded 
that  the  bulb  of  the  retort  was  become 
red-hot,  the  bubbles  that  were  driven  out 
were  not  wholly  abforbed  by  water,  and 
by  degrees  no  part  of  them  was  abforbed. 
This  air  I  examined,  and  found  it  to  be 
inflammable.  The  retort  was  melted  in 
the  procefs,  fo  that  1  could  not  examine 
the  air  that  remained  in  it ;  but  my  purpofe 
was  fufficiently  anfwered,  as  I  faw  no  room 
to  doubt,  but  that  the  change  of  the  alka¬ 
line  into  inflammable  air  was  produced  by 
mere  heat ,  without  the  aid  of  light,  if  a  red 
heat  can  be  fo  termed.  How  the  heat  ope¬ 
rates  in  this  cafe  I  cannot  tell. 

•  *  ^  tv.  1 

Jt  was  obfervable,  that  whenever  I 
changed  alkaline  air  into  inflammable,  by 
heating  in  it  bits  of  crucibles  or  retorts, 
into  the  compofition  of  which  clay  enters, 
they  always  became  black.  There  was 
room,  therefore,  to  fuppofe  that  it  was  not 
by  means  of  mere  heat  that  this  change  was 
made,  but  that  fomething  might  be  depo- 
fited  from  the  air,  which  might  attach  it- 
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felf  to  the  clay.  Indeed,  if  this  was  not 
the  cafe,  I  do  not  fee  why  the  clay  ihould 
become  black  ;  though,  perhaps,  part  of 
the  fame  phlogifton  which  forms  the  in¬ 
flammable  air  may  be  attracted  by  the  red- 
hot  clay,  without  there  being  any  proper 
decompofition  of  the  air. 

That  this  is  the  cafe,  feems  probable 
from  an  experiment  in  which  I  ufed  white 
porcelain ,  inftead  of  bits  of  earthen  ware, 
into  the  compofition  of  which  clay  enters. 
For  this  fubftance  did  not  become  black  in 
the  procefs,  and  yet  inflammable  air  was 
produced.  But  I  muft  obferve,  that  a  con- 
fiderable  time  was  requifite  to  produce  this 
cffeft  in  thefe  circumftances,  and  that  it  was 
not  much  inflammable  air  that  I  was  able 
to  procure  in  this  way.  It  was,  however, 
in  winter,  and  the  heat  that  I  could  apply 
was  not  great. 
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SECTION  X. 

Of  the  Connexion  between  Alkaline  Air ,  Vo¬ 
latile  Alkali \  and  Inflammable  Air  . 

.  * 

IN  fome  of  my  former  publications  I  ob¬ 
ferved,  that  iron  which  had  long  rufted 
in  nitrous  air,  gave  out  a  ftrong  fmell  of 
volatile  alkali.  I  have  repeatedly  obferved 
the  fame  ft  nee  that  time,  and  alfo  fome 
other  curious  particulars  relating  to  ths 
experiment. 

In  all  the  cafes  in  which  I  had  before 
obferved  this  fmell  of  volatile  alkali,  the 
iron  had  been  expofed  to  the  nitrous  air  a 
very  long  time.  But  this  effecd  is  pro¬ 
duced  much  fooner  by  putting  the  iron 
into  a  weak  folution  of  copper  in  the  ni¬ 
trous  acid,  fuch  as  remains  after  making 
nitrous  air,  and  fuch  as  I  now  commonly 
ufe  in  order  to  procure  dephlogifticated  ni¬ 
trous  air.  A  phial  containing  fome  of  this 
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iron,  which  had  been  ufed  not  more  than 
once  for  this  laft  mentioned  purpofe,  hav¬ 
ing  been  kept  clofe  corked  about  two 
months,  was  accidentally  broken  ;  when 
fome  pieces  of  the  iron  were  found  covered 
with  a  green  ruft,  and  thefe  had  a  ftrong 
frnell  of  volatile  alkali. 

Time,  however,  is  requifite  to  produce 
this  effed:.  I  put  fome  of  this  iron  (which 
was  of  the  turnings)  moift,  from  a  folution 
of  copper  in  the  nitrous  acid,  into  a  phial ; 

and  flopping  it  clofe,  left  it  to  ftand  with 

/ 

its  mouth  immerfed  in  water.  At  that  time 
it  had  no  frnell,  nor  had  it  any  a  month 
afterwards  ;  but  examining  it  again  after 
two  months,  the  frnell  of  volatile  alkali  was 
pretty  ftrong. 

Having,  in  an  early  period  of  my  experi¬ 
ments,  been  much  flruck  with  the  change 
of  nitrous  air,  in  confequence  of  the  con¬ 
tact  of  iron,  I  kept  feveral  large  bottles 
filled  with  finall  pieces  of  iron,  which  I 
occafionally  fupplied  with  nitrous  air.  The 
bottles  fhould  be  ftrong  ones,  becaufe  the 
iron  in  rufting  fwells,  and  is  apt  to  break 

the 
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the  phials,  though  I  do  not  know  that  this 
ever  happened  except  when  the  iron  was 
quite  dry.  The  confequence  of  expofing 
nitrous  air  in  this  manner  had  always  been, 
in  the  firft  place,  a  diminution  of  fomething 
more  than  one-third  of  the  quantity  of  it, 
in  v/hich  ftate  a  candle  would  burn  in  it 
with  an  enlarged  flame  ;  and  when  well 
wafhed  in  water  it  would  be  farther  dimi- 
nifhed  about  one  half,  when  the  remainder 
would  be  phlogifticated  air.  I  had  never 
obferved  any  increafe  of  air  in  thefe  bottles, 
though  fome  of  them  had  been  ufed  a  long 
time.  ‘But  having  negledted  one  of  them 
about  a  year  (though  the  mouth  of  it  had 
always  been  kept  immerfed  in  water)  1  ca- 
fually  obferved,  in  the  courfe  of  laid  fum- 
mer,  that  bubbles  of  air  occasionally  iflued 
from  it.  This  furprized  me  very  much, 
as  I  imagined  it  had  not  been  half  filled 
with  air ;  and  placing  a  veflel  to  receive 
thefe  bubbles,  in  about  a  week  or  ten  days, 
I  got  about  the  quantity  of  an  ounce  mea- 
fure.  It  contained  no  fixed  air,  but  was  all 

ftrongly 
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ftrongly  inflammable,  and  when  I  analyzed  it, 
it  appeared  to  be  of  that  kind  into  which 
alkaline  air  is  converted  by  heat. 

It  feems  as  if  the  phlogiftcated  air  which 
is  ultimately  produced  in  this  procefs,  had 
been  decompofed  in  thefe  circumftances,  fo 
as  to  form  this  inflammable  air,  but  on  what 
principle  this  fhould  take  place,  I  cannot 
imagine. 

In  order  to  make  a  comparifon  between 

<x, 

the  inflammable  air  produced  from  this 
bottle,  and  that  which  had  been  made  from 
alkaline  air,  I  exploded  equal  meafures  of 
each  of  them  with  equal  quantities  of  the 
fame  dephlogifticated  air,  the  ftandard  of 
which  was  0.3.  When  I  made  the  explo- 
fion  with  the  inflammable  air  from  al¬ 
kali,  the  firfl:  diminution  was  to  1.2,  and 
with  that  from  the  bottle  it  was  1.1.  Of 
the  former  refiduum  the  flandard  was  1.1  ; 
and  of  the  latter  0.98.  Neither  of  them 
contained  any  portion  of  fixed  air.  On  the 
whole,  the  refemblance  between  thefe  two 
kinds  of  air  was  fo  great,  and  the  difference 

between 
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between  them  fo  fmall,  that  they  may  be 
concluded  to  have  had  the  fame  origin,  and 
the  fame  conftitution. 


SECTION  XI. 

Of  the  Charcoal  of  Metals . 

MY  difcovery  of  the  fubftance  which  I 
have  termed  the  charcoal  of  metals , 
was,  as  I  have  obferved,  quite  accidental ;  a 
copper  tube  having  been  totally  diffolved 
by  tranfmitting  through  it,  when  it  was 
red  hot,  a  quantity  of  fpirit  of  wine  in 
vapour,  all  the  infide  of  the  tube  being 
converted  into  a  black  powdery,  or  friable 
fubftance.  In  order  to  make  farther  obfer- 
vations  on  the  nature  of  this  procefs,  I  put 
the  copper  into  an  earthen  tube,  on  which 
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I  had  not  found  the  vapour  of  fpirit  of 
wine  to  have  any  action,  though  itfelf  was 
decompofed  in  pafling  through  it,  being 
chiefly  converted  into  inflammable  air. 

In  the  firft  experiment  I  fent  three  ounce 
meafures  of  fpirit  of  wine  over  two  ounces 
of  copper,  in  a  degree  of  heat  that  kept 
it  juft  melted.  This  was  attended  with  a 
copious  production  of  fuch  air  as  would 
have  come  from  the  fpirit  of  wine  only. 
But  what  furprized  me  moft  in  the  refult 

was,  that,  though  the  copper  had  loft  no 

1 

more  than  28  grains  of  its  weight,  I  ac¬ 
tually  collected  446  grains  of  the  charcoal; 
chiefly  in  the  form  of  powder,  though  fome 
of  it  confifted  of  large  flakes,  fevenil  inches 
long;  having  been  feparated  at  once  from 
the  whole  furface  of  the  melted  copper. 
Thefe  pieces  bore  handling  without  any 
danger  of  breaking,  and  were  nearly  quite 
black. 

In  another  experiment  I  got  508  grains 
of  charcoal  from  19  grains  of  copper.  But 
this  was  from  copper  in  thin  plates,  and 
they  were  not  all  converted  into  perfect 
2  charcoal, 
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charcoal,  there  being  fomething  harder, 
and  therefore  partially  metallic  in  the  cen¬ 
ters  of  them. 

Much  of  the  charcoal  was  difperfed  and 
loft  in  the  fine  black  powder  with  which 
the  air  was  loaded ;  and  as  in  what  I  col¬ 
lected  the  copper  was  only  about  a  fix- 
teenth  part  of  the  composition,  I  think  I 
may  venture  to  fay  that,  in  reality,  it 
was  not  more  than  a  twentieth  part.  In 
this  refpeCt  it  refembles  the  charcoal  of 
wood,  or  of  pitcoal,  in  which  the  afhes 
bear  a  very  fmall  proportion  to  the  inflam¬ 
mable  air,  or  phlogifton,  of  which  the 
bulk  of  the  charcoal  confifts.  This  char¬ 
coal  of  copper  was  alfo  as  infoluble  in  acids 
as  that  of  wood,  and  it  likewife  refembles 
it  in  other  refpeCts. 

When  the  heat  in  which  this  procefs-  is 
conducted  is  great,  the  minute  divifion,  and 
volatility  of  this  charcoal,  is  very  extraor¬ 
dinary.  Seeing  it  iftue  from  the  end  of  a 
tube  in  a  denfe  black  cloud,  I  endeavoured 
to  colled  it  in  a  large  glafs  balloon.  But 
after  having  given  the  balloon  an  uni- 
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form,  but  very  thin  black  coating,  not  dif- 
tinguifhable  in  its  appearance  from  foot ,  it 
iffued  from  the  orifice  like  denfe  fmoke. 

I  then  connected  with  it  feveral  adopters, 
and  other  veffels,  to  which  it  gave  a  fimilar 
coating ;  and  laftly,  I  plunged  the  tube  out 
of  which  it  finally  iffued,  very  deep  in  a 
veffel  of  water.  Eut  ftill  the  air  came 
through  the  water  loaded  with  the  fame 
denfe  fmoke,  and  very  little  of  the  matter 
could  be  collected'*'.  I  was  therefore  fatif- 
fied,  that  the  only  way  to  colledt  any  con- 
iiderable  quantity  of  it,  was  to  make  ufe  of 
a  degree  of  heat  juft  fufficient  to  keep  the 
copper  red  hot,  or  rather  juft  melting. 

Spirit  of  turpentine  I  found  to  anfwer  as 
well  in  the  production  of  this  charcoal  as 
fpirit  of  wine.  In  this  procefs  I  got  120 
grains  of  charcoal  from  five  grains  of  cop¬ 
per,  notwithftanding  a  very  denfe  black 

*  The  incoercibility  of  this  foot,  in  the  form  of  va¬ 
pour,  very  much  refembles  that  of  the  denfe  vapour  pro¬ 
duced  by  the  decompofltion  of  inflammable  and  dephlo- 
gifticated  air,  of  which  an  account  was  given  before,  both 
of  them  pafiing  through  water,  without  being  retained 
by  it. 
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fmoke  with  which  the  air  was  charged,  and 
in  which,  no  doubt,  a  great  part  of  the 
charcoal  was  difperfed  and  loft. 

Having  procured  this  new  fubftance,  I 
proceeded  to  make  feveral  experiments  upon 
it ;  and  was  much  difappointed  in  finding 
that  in  common  air  it  was  only  melted  by  the 
burning  lens,  and  that  the  heat  had  not  (at 
leaft  in  a  fhort  time)  any  fenfible  effect  upon 
it.  But  in  dephiogifticated  air  (as  I  fhall  de- 
fcribe  more  particularly  in  the  fedtion  re¬ 
lating  to  fixed  air)  it  burned  rapidly,  and 
converted  almoft  the  whole  of  it  into  fixed 
air. 

It  will  not  be  thought  furprizing,  that 
no  fenfible  effedt  fhould  be  produced  by 
heating  this  fubftance  in  inflammable  or 
in  alkaline  air.  But  being  made  red  hot  in 
the  latter,  the  air  was  increafed  in  bulk, 
and  a  confiderable  part  of  it  became  inflam¬ 
mable,  as  it  would  have  been  by  heating 
any  thing  elfe  in  it. 

Conlidering  this  fubftance  as  a  charcoaly 
and  being  engaged  at  the  time  of  my  dif- 
covery  of  it,  in  making  fteam  of  water  pafs 

P  a 


ever 


212  Of  the  Charcoal  of  Metals . 

over  charcoal  of  wood,  confined  in  red  hot 
earthen  tubes,  I  treated  a  quantity  of  this 
charcoal  in  the  fame  manner,  and  the  refult 
was  fuch  as  might  have  been  expeCted.  A 
quantity  of  inflammable  air  was  produced, 
and  there  remained  a  lighter  coloured  fub- 
ftance,  which  may  be  called  the  ajhes  of 
the  metal .  Forty  grains  of  this  charcoal 
were  reduced  to  eighteen  by  this  treatment ; 
and  I  collected  about  200  ounce  meafures 
of  air,  which  was  very  turbid  in  its  firft 
production,  and  burned  with  a  lambent  blue 
flame. 

Having  firfl:  produced  this  charcoal  from 
copper  (owing  to  my  having  accidentally 
found  that  the  fpirit  of  wine  aCted  upon 
it)  I  proceeded  to  try  the  effedt  of  the  fame 
procefs  upon  other  metals,  beginning  with 
jilver .  This  metal  I  found  to  be  affefted 
very  much  as  the  copper  had  been ;  but 
though  the  matter  with  which  the  air  was 
charged,  was  to  appearance,  equally  black 
with  that  from  the  copper,  and  the  veflels 
in  which  it  was  received,  fo  minutely  di¬ 
vided,  acquired  the  fame  black  coating,  the 

largef 
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larger  mafles  of  this  charcoal  of  filver  were 
much  whiter  than  thofe  of  the  copper. 

Gold  was  not  at  all  affedted  in  this  pro- 
cefs,  not  being  fenlibly  changed,  or  dimi- 
nifhed  in  weight  by  it.  At  firft,  indeed,  there 
iffued  a  fmoke  of  a  darkifh  hue,  the  caufe 
of  which  I  could  not  difcover,  but  it  foon 
difappeared. 

Finding  this  procefs  to  have  fo  remark¬ 
able  an  effedt  upon  copper,  and  none  at  all 
upon  gold,  I  imagined  that  by  this  means, 
it  might  be  poffible  to  feparate  copper  from 
gold,  fo  that  we  fhould  be  in  poffeffion  of 
a  new  and  effectual  mode  of  ajjaying .  But 
I  was  difappointed  in  this  expectation.  I 
mixed  ten  grains  of  copper  with  an  hun¬ 
dred  of  gold ;  but  the  copper  was  effec¬ 
tually  protected  by  the  gold  from  the  adtion 
of  the  fpirit  of  wine,  and  the  whole  mafs 
came  out  of  the  fame  weight  that  it  had 
before  it  was  fubjedted  to  the  experiment. 

I  was  not  able  to  procure  much  char¬ 
coal  from  lead .  Ufing  three  ounce  mea- 
fures  of  fpirit  of  wine,  and  near  four  ounces 
of  lead,  I  got  only  a  fmall  quantity  of 
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a  whitifh  powdery  fubftance,  though  58 
grains  of  the  lead  were  miffing.  But  the 
infide  of  the  glafs  tube,  through  which  the 
inflammable  air  was  tranfmitted,  was  very 
black,  fo  that  a  great  part  of  the  lead  was 
probably  volatilized,  and  difperfed,  and  yet 
the  heat  that  I  ufed  was  not  great. 

Tranfmitting  three  ounce  meafures  of 
fpirit  of  wine  over  360  grains  of  melted  tiny 
it  was  not  diminifhed  quite  four  grains,  and 
the  black  duft  that  was  collected  weighed 
26  grains.  The  air  was  very  dark. 

I  fent  the  vapour  of  two  ounce  mea¬ 
fures  of  fpirit  of  wine  over  960  grains  of 
iron  fhavings.  The  refult  was,  that  the 
air  was  charged  with  black  particles,  and  the 
iron  was  dimini  (lied  two  grains  in  weight, 
but  I  was  not  able  to  colled:  any  charcoal. 
The  iron  acquired  by  this  means  a  dark  blue' 
colour. 
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SECTION  XII. 

Of  Air  ext  raffed  from  mineral  Subjiances . 

ITAVING  formerly  found  that  man- 
T.  eanefe  and  other  natural  mineral  fub- 
fiances,  yield  a  very  pure  air  by  extreme 
heat ;  it  occurred  to  me  that  fub terraneous 
fires  might  maintain  themfelves  by  means 
of  the  air  which  they  diflodged  from  fuch 
fubftances  as  they  found  in  the  bowels  of 
the  earth.  We  find  that  no  fire  can  be 
kept  burning  without  change  of  air ;  and 
that  any  other  than  common,  or  dephlo- 
gifticated  air,  extinguifhes  fire  as  effectually 
as  water.  Had  fubterraneous  fires  been  a 
fimple  ignition  of  wood,  coals,  or  other 
combuftible  fubftances,  it  would  have  been 
highly  probable  that  air  was  neceflary  for 
their  fupport.  But  we  find  that  the  greateft 
heats  are  produced  by  mixtures  of  various 
fubftances,  independently  of  any  air  that 
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may  be  in  contact  with  them.  This  heat 
excited  in  the  bowels  of  the  earth,  from  any 
caufes  exifting  there,  may  be  fufficient  to 
volatilize  any  fubftance  containing  phlo- 
gifton,  and  thus  produce  fmoke,  flame 
(which  is  inflammable  air  red  hot)  and 
every  other  phenomenon  of  volcanos  How¬ 
ever,  as  the  hypotkefls  mentioned  above  led 
me  to  try  what  kind ,  and  what  quantity  of 
air,  would  be  yielded  by  various  mineral 
fubftances,  in  great  heats,  it  may  not  be 
ufelefs  to  recite  the  experiments  ;  as  a  know¬ 
ledge  of  the  refults  may  be  ufeful  in  other 
phiiofophical  inquiries. 

As  the  original  objedt  of  my  inquiry  re- 
fpedted  volcanic  fires ,  I  gave  particular  at¬ 
tention  to  the  examination  of  volcanic  fub¬ 
ftances,  efpecially  with  a  view  to  afcertain 
whether  a  fubftance  which  had  been  in  a  ftate 
of fufion  will  yield  air  by  being  heated  again 
or  not ;  in  order  to  diftinguilh  the  products  of 
volcanos  from  other  ftony  matters.  Though 
charcoal,  which  has  been  expofed  to  the 
moil  intenfe  heat,  will  imbibe  air  from  the 
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atmofphere,  and  give  it  out  on  being  heated 
a  fecond  time,  yet  this  is  not  a  fubftance 
that  can  be  fufed ;  and  as  this  does  not  ap¬ 
pear  to  be  the  property  of  earthly  fubftances, 
fome  dependance  may  perhaps  he  placed  on 
this  teft.  If  fo,  bafaltes  can  hardly  be 
clafled  among  volcanic  productions,  becauie 
they  yield  more  air  by  heat  than  any  known 
lava  that  I  have  met  with.  But  as  the  re¬ 
fill  ts  of  the  experiments  that  I  made  both 
with  lavas  and  bafaltes  were  various,  I  fhall 
briefly  cite  them. 

Of  lava  from  Iceland  4}  ounces  heated 
in  an  earthen  retort,  gave  20  ounce  mea- 
fures  of  air,  of  which  one  half,  towards 
the  beginning  of  the  procefs,  was  fixed  air, 
and  the  remainder  of  the  ftandard  of  1.72, 
extinguifhing  a  candle.  In  the  interftices 
of  this  lava,  there  was  a  brownifti  fand, 
which  I  could  not  feparate  from  it. 

Of  lava  from  Vefuvius  5 i  ounces  yielded 
30  ounce  meafures  of  air,  of  which  the 
firft  portion  had  a  flight  appearance  of  fixed 
air,  and  the  reft  was  phlogifticated,  from  the 
ftandard  of  1.64,  to  1.38,  which  came  laft. 
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The  retort  was  broken  by  the  fwelling  of 
the  mafs  in  cooling. 

Another  ounce  of  lava,  of  the  confiftencc 
of  a  hard  ftone,  yielded  only  3 f  ounce  mea- 
fures  of  air,  chiefly  inflammable,  which,  I 
fuppofe,  came  from  the  gun-barrel  in 
which  this  particular  experiment  was  made. 

From  thefe  experiments  it  feems  pro¬ 
bable,  that  genuine  lavas  do  not  give  much 
air  5  but  this  will  depend  upon  the  degree 
of  heat  to  which  they  have  been  fubje&ed 
in  the  fubterraneous  lire. 

It  has  been  much  difputed  whether  ba- 
faltes  be  a  volcanic  production,  or  only  a 
cryflalization  of  a  mafs  of  matter  in  a  fluid 
form.  The  following  experiments  incline 
me  to  the  latter  opinion. 

Seven  ounces  of  bafaltes  from  Scotland, 
heated  in  an  earthen  retort,  yielded  104 
ounce  meafures  of  air,  of  which  the  firfl: 
portion  had  a  flight  appearance  of  fixed 
air,  and  was  fo  much  phlogillicated  as  to 
extinguilh  a  candle,  being  fometimes  of 
the  llandard  of  1.68. 
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About  two  ounces  of  th zglants  caufeway  in 
Ireland  yielded  40  ounce  meafures  of  air, 
the  firft  portion  of  which  had  a  flight  ap¬ 
pearance  of  fixed  air,  and  the  reft  phlogifti- 
cated,  of  the  ftandard  of  1.65.  It  was  re¬ 
duced  by  fufion  to  a  hard  black  glafs. 

Of  bafaltes  from  Scotland,  5  ounces 
162  grains,  yielded  78  ounce  meafures  of 
air,  of  which  no  part  appeared  to  be  fixed 
air  ;  but  was  all  phlogifticated,  fometimes 
of  the  ftandard  of  1.7,  and  towards  the 
laft  1 . 4 1 . 

The  neighbourhood  of  Birmingham 
abounds  with  a  ftone  which,  from  its 
being  chiefly  got  from  a  village  called 
Rowley,  near  Dudley,  is  commonly  called 
Rowley-rag.  When  it  is  broken,  it  very 
much  refembles  bafaltes,  though  it  is  not 
found  in  the  fame  regular  form.  Dr. 
Wi  thering,  of  this  place,  has  given  a 
moft  excellent  analyfis  of  this  fubftance, 
which  may  be  feen  in  a  late  volume  of 
the  Philofophical  Tranfaddons.  All  that 
I  did  with  refped:  to  it  was,  to  fubjecl  it  to 
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a  ftrong  heat  in  an  earthen  retort  -y  and 
from  this  mode  of  examination  it  fhould 
feem  to  be  of  the  fame  nature  with  the 
bafaltes,  whatever  that  be. 

Four  ounces  of  the  Rowley-rag  yielded 
40  ounce  meafures  of  air,  containing 
hardly  any  appearance  of  fixed  air,  but  was 
phlogifticated,  of  the  ftandard  of  1.6,  and 
j.5  *  the  laft  portion  1.31.  It  was  reduced 
to  a  black  glafly  fubftance,  which  broke 
with  a  polifh,  exactly  refembling  that 
which  remained  from  the  bafaltes. 

The  Derbyfhire  toadjlone ,  in  its  appear¬ 
ance,  very  much  refembles  the  Rowley-rag, 
excepting  that  it  is  full  of  white  fpots,  con¬ 
fiding  of  a  calcarious  fubftance.  Dr. 
Withering  has  analyfed  this,  as  well  as 
the  Rowley-rag,  and  both  from  his  experi¬ 
ments  and  mine,  they  feem  to  be  nearly 
a-kin  to  each  other.  Two  ounces  and  384 
grains  of  this  fubftance,  from  which  the 
calcarious  part  had  been  difiolved  by  fpirit 
of  nitre,  yielded  60  ounce  meafures  of  air, 
the  firft  portion  of  which  contained  a  little 

fixed 
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fixed  air,  perhaps  from  fome  unperceived 
remains  of  the  calcarious  matter.  The  reft 
was  phlogifticated,  of  the  ftandard  of  1 .7. 

In  another  experiment,  an  ounce  and  a 
quarter  of  this  fubftance,  from  which  the 
calcarious  part  had  been  extradled  firft  by  oil 
of  vitriol,  and  then  by  fpirit  of  nitre,  yielded 
40  ounce  meafures  of  air,  of  the  fame  quality 
of  that  in  the  former  procefs.  There  remain¬ 
ed  from  both  of  them  a  black  glafty  matter, 
which  feemed  to  be  very  liquid  when  it  was 
hot,  as  part  of  it  had  boiled  up  into  the 
neck  of  the  retort. 

Granite,  like  bafaltes,  has  been  thought 
by  fome  to  be  the  produdt  of  volcanos,  and 
by  others  to  be  a  cryftalization  from  a  liquid 
ftate.  The  latter  is  the  opinion  favoured  by 
thefe  experiments.  From  about  an  ounce 
and  an  half  of  this  fubftance  I  got  20  ounce 
meafures  of  air,  the  firft  portion  of  which 
contained  a  little  fixed  air,  but  the  reft  was 
phlogifticated,  from  1.7  to  1.28,  which  is 
nearly  the  ftandard  of  common  air ;  but  the 
heat  was  very  intenfe.  as  the  fubftance  was 
reduced  to  a  glafs. 
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Again,  5  ounces  and  252  grains  of  a  blue 
granite  yielded  70  ounce  meafures  of  air,  of 
the  fame  quality  with  the  preceding.  It  was 
alfo  reduced  to  a  firm  uniform  glafly  fub- 
ftance  of  a  dark-brown  colour.  ,  Upon  the 
whole,  therefore,  it  feems  probable,  that  the 
origin  of  granite  is  fimilar  to  that  of  bafaltes. 

In  Cornwall  there  is  a  fubftance  called 
elvain ,  the  natural  hiftory  of  which  is  very 
like  that  of  granite,  and  the  refult  of  my 
experiments  upon  it  fhews  that  they  are  of 
the  fame  nature.  There  is  a  black  and 
white  kind  of  elvain. 

Of  the  black  elvain  one  ounce  and  288 
grains  yielded  25  ounce  meafures  of  air, 
the  firffc  portion  of  which  contained  a  little 
fixed  air,  and  the  reft  was  phlogiflicated,  of 
the  flandard  of  1 .54.  It  was  melted  into 
a  brownifh  black  mafs. 

Of  the  white  elvain  one  ounce  and  384 
grains  yielded  30  ounce  meafures  of  air,  of 
the  fame  quality  with  the  preceding.  It  was 
converted  into  a  very  porous  fubftance,  ex¬ 
actly  refembling  a  pumice  ftone,  but  much 
harder. 
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The  fubftance  called  groan  clay  is  faid  to 
be  formed  by  the  decompofition  of  granite. 
Of  this  fubftance  one  ounce  and  72  grains 
yielded  32  ounce  meafures  of  air,  containing 
no  fenfible  quantity  of  fixed  air,  but  all  phlo- 
gifticated,  of  the  ftandard  of  1.62  and  1.33. 
After  the  experiment  this  matter  was  eafily 
fhaken  out  of  the  retort,  and  was  not  fen- 
fibly  changed  in  its  appearance. 

Such  were  the  experiments  that  I  made 
with  fubftances  that  are,  or  are  fuppofed  to 
be,  volcanic.  Of  thofe  which  are  certainly 
not  volcanic ,  but  which  may  come  in  the 
way  of  volcanic  fires,  I  found  thofe  into 
which  the  vitriolic  acid  enters  to  yield  the 
greateft  quantity  of  pure  air ;  but  by  no 
means  fufiicient  to  keep  alive  fuch  fires  as 
we  make  on  the  furface  of  the  earth. 

From  feven  ounces  of  gypfu?n9  which  I 
kept  in  a  ftrong  heat  twelve  hours,  I  got 
230  ounce  meafures  of  air,  the  greateft  part 
of  which  would  have  extinguifhed  a  can¬ 
dle  ;  the  moll  phlogifticated  being  of  the 
ftandard  of  1.8,  but  it  was  afterwards  much 
purer ;  and  at  the  laft  confiderably  dephlo- 
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giflicated  ;  for  with  two  equal  meafures  of 
nitrous  air,  the  teft  was  1.3.  The  air  was 
very  turbid  as  it  was  produced,  and  the 
pureft  of  all  came  rapidly,  at  the  end  of  the 
procefs.  It  is  pofiible  that,  with  a  Wronger 
heat,  more  and  purer  air  might  have  been 
procured.  The  fubftance  was  reduced  to 
a  hard  mafs ,  yellow  next  to  the  retort,  but 
in  the  middle  very  white. 

In  this  place  I  fhall  juft  mention  the  air 
that  I  got  from  alum9  as  a  fubftance  con¬ 
taining  vitriolic  acid,  though  not  likely  to 
be  found  in  the  bowels  of  the  earth.  From 
one  ounce  of  calcined  alum ,  very  white  and 
clean,  I  got  60  ounce  meafures  of  air,  with¬ 
out  any  fixed  air,  or  the  leaft  imaginable, 
and  fo  pure,  that  with  two  equal  meafures 
of  nitrous  air,  the  teft  was  1.4.  Still  the 
refiduum  had  an  acid  tafte,  fo  that  with 
more  heat,  it  is  probable  that  more,  and 
purer  air,  would  have  been  procured. 

The  Jiones  which  I  found  to  furnifh  the 
greateft  quantity  of  air,  though  not  the 
pureft,  were  thofe  of  the  fchijlus  kind, 
which  are  found  in  great  quantities  in 

many. 
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many  mountainous  countries  ;  and  after 
being  fubjedted  to  a  very  great  heat,  have 
the  neareft  refemblance  to  the  generality  of 
lavas  of  any  fubftance  on  which  I  have  yet 
made  the  experiment. 

From  four  ounces  of  a  blue  Jlate  I  got 
3 20  ounce  meafures  of  air,  a  very  fmall 
portion  of  which  was  fixed  air,  and  the 
greateft  part  of  the  reft  (the  whole,  I  be¬ 
lieve,  except  about  20  ounce  meafures)  fo 
impure,  that  the  ftandard  was  generally  1.8. 
Towards  the  laft  it  was  1.5,  and  the  laft 
of  all  1.35;  fo  that  a  candle  would  juft 
have  burned  in  it.  The  air  was  very  tur¬ 
bid,  and  had  a  very  ftrong  fmell.  The 
fubftance  was  perfedtly  vitrified,  and  quite 
black,  exactly  refembling  lava.  It  then 
weighed,  as  nearly  as  I  could  guefs  (for  in 
the  fufion  it  had  adhered  clofely  to  the  re¬ 
tort)  3  ounces  and  288  grains. 

From  eight  ounces  of  another  kind  of 
fchiftus,  I  got  70  ounce  meafures  of  air, 
of  the  fame  quality  with  that  in  the  pre¬ 
ceding  experiment;  and  it  was  melted  into 
a  black  mafs,  harder  than  the  former,  fo  as 
to  make  a  ftill  more  perfect  lava. 

Vo t.  III.  CL 
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Oil  of  vitriol  has  been  fuppofed  to  enter 
into  the  composition  of  clay .  From  four 
ounces  of  it  I  got  20  ounce  meafures  of 
air,  in  every  portion  of  which  one-tenth 
was  fixed  air,  and  the  reft  of  the  ftandard 
of  1.72,  1.52,  and  atlaft  1.44. 

Putting  oil  of  vitriol  to'  this  clay,  it 
yielded  much  more  air,  and  of  a  better 
quality.  Two  ounces  of  the  clay,  moift- 
ened  with  this  acid,  gave  210  ounce  mea¬ 
fures  of  air,  exceedingly  turbid,  containing 
very  little  fixed  air,  and  the  reft  of  the 
ftandard  of  1.5,  1.7,  1.58,  in  the  order  in 
which  they  are  here  put  down ;  but  the 
laft  portion  was  1.08,  and  was  conlider- 
ably  dephlogifticated. 

A  quantity  of  fine  white  clay  from  the 
Apallachian  mountains  gave  air  of  the  fame 
kind  at  the  beginning  of  the  procefs  with 
common  clay,  but  the  retort  being  cracked, 
the  experiment  was  interrupted. 

Nothing  in  the  form  of  a  Jlone  yields  fo 
much  air  as  lime  fone ,  and  this  is  by  no 
means  all  fixed  air,  as  I  believe  has  gene¬ 
rally  been  fuppofed.  For  a  very  great  pro¬ 
portion  of  it  is  more  or  lefs  phlogifticated, 
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and  the  laft  portions  often  tolerably  pure, 
fo  that  a  candle  would  nearly  burn  in  it. 

From  four  ounces  of  white  cryflals  of 
lime  Jlone  I  got  830  ounce  meafures  of  air, 
the  firft  portion  of  which  had  only  one- 
fourth  of  fixed  air,  but  in  the  courfe  of  the 
experiment  it  varied,  being  once  three- 
fourths,  then  one-half,  and  at  the  laft  one- 
third.  The  ftandard  of  the  refiduum  was 
never  better  than  1.56,  nor  worfe  than  1.66. 

From  five  ounces  and  a  half  of  lime  ftone 
of  an  excellent  kind,  I  got  in  all  1 160  ounce 
meafures  of  air.  Of  this  one-tenth  only  was 
phlogifticated,  and  the  reft  fixed,  but  the 
laft  portion  of  all  was  half  phlogifticated. 

From  feven  ounces  of  a  tranfparent  fub- 
ftance,  found  in  a  ftone  in  the  neighbour¬ 
hood  of  Oxford,  which  is  chiefly  calca- 
rious,  I  got  1280  ounce  meafures  of  air,  of 
which  about  one-third  of  the  whole  was 
fixed  air.  The  ftandard  of  the  refiduum 
was  at  firft  1.55,  and  afterwards  1.44. 

From  fix  ounces  of  a  blue  jloney  found  in 
the  neighbourhood  of  Stratford,  I  got  1030 
ounce  meafures  of  air,  of  which,  till  near 
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the  end  of  the  procefs,  about  one-half  was' 
fixed  air,  and  at  the  laft  about  one-fourth. 
The  ftandard  of  the  remainder  was  about  1.6. 

From  three  ounces  of  chalk  I  got  630 
ounce  meafures  of  air,  of  which  at  the  firft 
one-fourth  was  fixed  air,  then  almoft  two- 
thirds,  then  fomething  more  than  one- 
half,  and  again  a  little  more  than  a  third. 
The  ftandard  of  the  refiduum  was  from  1.66 
to  1.34. 

Iron  ores  may  be  pretty  well  diftin* 
guilhed  by  the  quality  of  the  air  that  they 
yield  by  heat,  as  well  as  by  their  weight, 
and  external  appearance.  The  refiduum 
of  the  air  from  other  ftony  fubftances, 
after  the  fixed  air  is  feparated  from  it,  I 
have  always  found  to  be  phlogifticated,  but 
that  from  iron  ore  is  inflammable. 

Three  ounces  and  one-half  of  white  fpa - 
thofe  iron  ore  yielded  560  ounce  meafures  of 
air,  of  which  at  the  firft  one-third  was  fixed 
air,  then  only  fomething  more  than  one-half, 
and  again  at  the  laft  a  third.  The  ftandard 
of  the  refiduum  was  about  1 .7,  and  inflam¬ 
mable.  The  fubftance  was  reduced  to  one 
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hard  mafs,  and  the  bottom  of  the  earthen 
retort  was  melted  along  with  it. 

I  tried  one  iron  ore  that  was  of  a  light 
colour,  and  another  of  a  darker.  Six  ounces 
of  the  lighter  coloured  ore  yielded  750 
ounce  meafures  of  air,  of  which  at  the  firft 
two  thirds  were  fixed  air,  then  only  a  little 
more  than  a  half,  and  at  the  laft  a  fifth. 
The  refiduum  of  the  middle  portions  of 
this  air  only  was  inflammable,  that  of  the 
reft  phlogifticated ;  the  ftandard  of  it  about 
1 .7.  It  was  reduced  to  a  hard  black  flag 
full  of  cavities. 

Four  ounces  of  the  dark  coloured  ore 
yielded  510  ounce  meafures  of  air,  the  qua¬ 
lity  of  which  varied  very  much,  like  that 
in  the  preceding  experiment,  and  the  air 
was  not  more  ftrongly  inflammable. 

There  is,  I  believe,  fome  iron  in  the  fub- 
ftance  that  is  called  black  lead  fmolybdena ) 
and  therefore  I  mention  the  experiment 
that  I  made  with  it  in  this  place.  From 
half  an  ounce  of  it  I  got  25  ounce  meafures 
of  air,  of  the  ftandard  of  1.6,  and  1.42.  I 
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have  no  note  of  any  part  of  its  being  fixed, 
or  inflammable.  It  had  loft  only  1 8  grains  in 
weight.  From  eight  ounces  and  a  half  of  an¬ 
other  kind  of  black  lead,  I  got  1 6  ounce  mea- 
fures  of  air,  one-fifteenth,  or  one-twentieth 
of  which  was  fixed  air,  and  the  reft  inflam¬ 
mable,  burning  with  a  blue  flame. 

I  did  not  purfue  thefe  experiments  on 
ores  to  any  great  extent ;  but  having  feme 
Jlream  tin ,  I  found  that  iio  grains  of  it, 
gave  20  ounce  meafures  of  air,  a  fmall  por¬ 
tion  of  which  was  fixed  air,  and  the  re¬ 
mainder  of  the  ftandard  of  1.44,  and  at  laft 
1-34- 

Of  the  air  extradted  from  manganefe  in 
glafs  retorts,  I  gave  an  account  in  a  former 
volume.  I  now  found  that  feven  ounces  of 
it,  with  a  ftronger  heat,  in  an  earthen  re¬ 
tort,  yielded  no  ounce  meafures  of  air,  of 
which  at  the  firft,  a  fmall  portion  was  fixed 
air,  and  of  the  reft  the  ftandard  was  in 
different  portions  of  it  1.54?  1*25,  and  1.05^ 
fo  that  the  bulk  of  it  was  not  perhaps  better 
than  common  air.  The  fubftance  was  con- 
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creted  into  a  hard  mafs,  but  was  loofe  from 

*  1 

the  retort. 

At  another  time,  from  eight  ounces  of 
another  quantity  of  manganefe,  I  got  1200 
ounce  meafures  of  air,  of  which  one  third 
was  fixed  air,  and  the  reft  inflammable, 
burning  with  a  blue  flame.  To  what  cir- 
cumftance  this  remarkable  difference  in  the 
quantity  and  quality  of  the  air,  from  what 
was  called  the  fame  fubftance,  was  owing, 
I  cannot  tell.  Something  elfe  befides  man¬ 
ganefe,  as  I  fufpedt,  muft  have  been  mixed 
with  it  in  this  experiment. 

I  (hall  conclude  this  fedtion  with  an  ac¬ 
count  of  the  examination  of  fome  other  fub- 
fiances,  of  which  the  refults  are  not  always 
of  much  confequence. 

From  two  ounces  and  one-fifth  of  Jleatites , 
I  got  43  ounce  meafures  of  air,  which  had  the 
flighted:  appearance  of  containing  fixed  air. 
The  remainder  was  thoroughly  phlogifticated, 
except  that,  at  the  laft,  it  was  of  the  ftandard 
of  1.65.  It  came  out  of  the  retort  a  yel¬ 
low  mafs,  but  powdery,  as  it  was  put  in¬ 
to  it. 
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Two  ounces  of  terra  ponder  ofa-,  gave  26 
ounce  meafures  of  air,  without  any  mixture 
of  fixed  air,  the  ftandarcfof  it  1.62,  1.42, 
and  1.29.  The  fubftance  was  concreted 
into  one  mafs,  but  was  eaflly  broken  by 
fhaking  the  retort,  and  then  it  did  not 
appear  to  be  changed  in  its  external  ap¬ 
pearance. 

Two  ounces  of  black  world  from  Derby- 
fhire,  yielded  80  ounce  meafures  of  air,  no 
part  of  which  was  fixed  air,  but  all  better 
than  common  air,  the  ftandard  of  it  being 
1.05.  This  circumftance  may  help  to  ac¬ 
count  for  this  fubftance  taking  fire,  and 
burning  as  it  does,  when  it  is  mixed  with 
linfeed  oil.  For  if  by  any  means  it  is  fo 
far  heated,  as  to  give  out  its  pure  air,  this 
mull  aflift  the  combuftion ;  and  the  chy- 
mical  attraction  between  the  phlogifton  in 
the  oil,  and  the  dephlogifticated  matter  in 
the  woad  may,  without  its  afluming  the 
form  of  air,  be  the  caufe  of  the  mafs  be¬ 
coming  hot. 

Seven  ounces  of fiuor  gave  eight  ounces  of 
air,  a  fmall  proportion  of  which  was  fixed 
'■'V  air, 
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air,  and  the  reft  of  the  ftandard  of  1.45. 
It  was  melted  into  a  hard  mafs.  Six  ounces' 
of  white  fluor  yielded  in  all  ten  ounce  mea- 
fures  of  air,  of  which  the  flighted:  portion 
imaginable  was  fixed  air,  the  reft  of  the 
ftandard  of  1 .34,  and  1.3.  In  this  experiment 
the  bottom  of  the  retort  was  quite  diffolved. 
N.  B.  there  was  no  appearance  of  fluor  acid 
in  the  water  in  which  this  air  was  received, 
and  the  melted  mafs  gave  fluor  acid  air 
with  oil  of  vitriol. 

P  rom  four  ounces  of  a  kind  of  /and- /lone, 
I  got  75  ounce  meafures  of  air,  a  fmall 
portion  of  which  was  fixed  air,  the  ftandard 
of  the  reft,  for  the  moft  part,  1.75,  and  at  the 
laft  1.35.  When  taken  out  of  the  retort* 
it  weighed  three  ounces  and  three-fourths. 
That  part  of  it  which  was  next  to  the  bottom 
©f  the  retort  was  whiter  than  the  reft,  but 
very  hard,  adhering  to  it ;  and,  what  was 
pretty  remarkable,  the  remainder  had  ac¬ 
quired  juft  as  firm  a  texture  as  it  had  be¬ 
fore  it  was  pounded  for  the  purpofe  of  the 
experiment. 

if 
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Five  ounces  of  a  fine  white  fandflone , 
yielded  about  ten  ounce  meafures  of  air,  con¬ 
taining  a  little  fixed  air,  and  the  reft  of  the 
ftandard  of  1 .6.  This  alfo  was  again  re- 
duced  to  a  ftone  quite  as  compadt  as  it  had 
been  before  it  was  pounded. 

Six  ounces  of  another  fand-ftone  yielded 
302  ounce  meafures  of  air,  of  which  a  very 
fmall  portion  was  fixed  air,  and  the  reft  of 
the  ftandard  of  1.57,  and  1.35.  This  alfo 
was  reduced  to  a  hard  dark  coloured  ftone, 
having  feparated  itfelf  from  the  retort  about 
a  quarter  of  an  inch,  except  at  the  bottom 
where  it  adhered  toit.^ 

From  one  ounce  and  175  grains  of  belem- 
nite ,  I  got  320  ounce  meafures  of  air,  of  which 
at  the  firft  one-fixteenth  was  fixed  air,  the 
reft  of  the  ftandard  of  1.75,  1.55.  All  the 
air  came  while  the  heat  was  very  moderate. 

From  four  ounces  of  cryfials  of  quartz ,  I 
got  25  ounce  meafures  of  air,  a  very  fmall 
portion  of  which  v/as  fixed  air,  the  reft  be¬ 
ing  of  the  ftandard  of  1.8,  and  1.44. 

From  feven  ounces  of  a  granulated  quartz , 
I  got  about  ten  ounce  meafures  of  air,  con- 
3  *  taining 
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taining  a  little  fixed  air,  and  the  reft  of  the 
ftandard  of  1 .42.  It  came  out  of  the  retort 
a  loofe  friable  fubftance,  weighing  fix  ounces 
290  grains.  The  retort  was  cracked,  or 
more  air  would  probably  have  been  pro¬ 
cured. 

From  one  ounce  and  84  grains  of  mica ,  I 
got  twelve  ounce  meafures  of  air,  of  which 
no  part  was  fixed  air,  but  of  the  ftandard 
of  1.4,  and  1 .35. 

From  120  grains  of  talc ,  I  got  a  quantity 
of  air,  but  the  retort  being  cracked  at  the 
beginning  of  the  procefs,  I  took  no  account 
of  the  quantity.  Part  of  it  was  evidently 
fixed  air,  and  the  reft  of  the  ftandard  of  1.4, 
and  a  candle  burned  in  it.  The  fubftance 
was  reduced  to  a  dark  hard  cinder,  adhering 
to  the  retort. 

From  four  ounces  355  grains  of  cryf- 
talized  glafs ,  in  the  form  of  a  whitifh  ftone, 
I  got  twelve  ounce  meafures  of  air,  which 
contained  no  fixed  air,  and  of  the  ftandard 
of  1.42,  1.36,  and  1. 31.  Perhaps  I  ufed 
a  greater  degree  of  heat  than  the  glafs  had 

been 
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been  fubje&ed  to  before.  Otherwife  this 
experiment  might  help  to  account  for  lava 
giving  fome  quantity  of  air,  though  it  had 
been  in  a  ftate  of  fufion,  having  afterwards 
cryftalized,  like  this  gjafs. 

The  laft  experiment  that  I  fhall  mention 
was  made  with  pit  coal .  Three  ounces  of 
fuch  coal  as  we  have  at  Birmingham,  gave 
700  ounce  meafures  of  air,  of  which  I  could 
not  be  fure  that  any  portion  was  fixed  air. 
It  was  all  inflammable,  the  firft  portion  of 
it  burning  with  a  white  lambent  flame,  and 
the  laft  with  a  blue  one. 
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SECTION  XIII. 

Experiments  on  Charcoal. 

4  ..  f  i  '  !  .  I  4k*.  y  4  •  /  •  t  •■* 

TH  E  examination  of  charcoal  is  now 
confidered  as  an  objed  of  peculiar  im¬ 
portance  in  chymiftry  ;  and  ever  fince  I  had 
difcovered  it  to  be  one  of  the  bed  con- 
dudors  of  eledricity  I  have  given  particu- 
lar  attention  to  it.  The  mod  important 
of  the  experiments  that  I  have  made  refped- 
ing  it  fince  my  former  publications,  will  be 
found  in  the  fedion  relating  to  phlogidon, 
in  which  an  account  is  given  of  the  de~ 
compofition  of  it  by  fleam  in  a  date  of  ig¬ 
nition.  In  this  fedion  I  fhall  comprize  a 
variety  of  mifcellaneous  obfervations,  fome  of 
more,  and  others  of  lefs  importance.  Some 
of  them  alfo  are  repetitions  of  former  ex¬ 
periments,  but  made  with  a  better  appara¬ 
tus,  and  with  an  attention  to  more  circum- 
dances. 


The 
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The  quantity  of  air  to  be  expelled  by 
heat  from  dry  wood  I  have  frequently  efti- 
mated  ;  but  having  now,  by  the  afliftance 
of  Mr.  Wedgwood,  the  advantage  of  doing 
every  thing  of  this  kind  in  very  compact 
earthen  retorts,  which  themfelves  give  no 
air,  it  may  be  worth  while  to  mention, 
that  from  five  ounces  of  dry  oak  I  got  650 
ounce  meafures  of  air,  of  which  about  one- 
half,  nearly  a  third,  that  came  at  firft  was 
fixed  air,  the  remainder  being  inflammable, 
and  the  laft  portions  wholly  fo. 

The  property  that  charcoal  has  of  ab- 
forbing  air  is  a  remarkable  circumftance, 
firft  diftindly  obferved  by  the  Abbe 
Fontana;  but  ftill  there  are  feveral  par¬ 
ticulars  relating  to  this  experiment,  fuch  as 
the  time  in  which  the  air  is  imbibed,  and 
the  quality  of  it  when  it  is  again  expelled 
by  heat,  &c.  that  are  not  undeferving  of 
notice.  And  though  I  have  not  purfued 
this  fubje<ft  with  much  regularity,  I  have 
occafionally,  and  at  different  times,  made 
obfervations  of  this  kind,  of  which  I  fhall 
here  give  an  account ;  propofing  to  refume 

the 
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the  experiments,  and  to  purfue  them  far¬ 
ther. 

From  789  grains  of  charcoal,  from  which 
all  air  had  been  expelled,  and  which  had 
been  expofed  to  the  atmofphere,  I  got  30 
ounce  meafures  of  air,  no  part  of  which  was 
fixed  air,  but  all  phlogifticated,  extinguish¬ 
ing  a  candle  ;  being  of  the  ftandard  of  1.7. 
Probably  pure  air  had  been  imbibed  in  pre¬ 
ference  to  any  any  other ;  becaufe  when  it 
has  been  made  to  imbibe  dephlogifticated 
air  only,  it  comes  out  again  partially  phlo¬ 
gifticated.  I  found,  however,  confiderable 
varieties  in  the  quality  of  air  emitted  by 
charcoal,  after  being  expofed  to  the  open 
air,  as  well  as  other  circumftances  of  fome 
confequence  relating  to  the  experiment. 

From  680  grains  of  charcoal,  which  had 
been  heated  four  times  before,  I  got  40 
ounce  meafures  of  air,  of  which  the  flighted: 
portion  imaginable  was  fixed  air.  -Of  the 
reft,  towards  the  middle  of  the  procefs,  the 
ftandard  was  1.48,  and  the  laft,  1.52.  The 
next  day,  without  changing  the  retort,  or 
moving  it  from  its  place,  having  only  left 

it 
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it  with  its  mouth  open,  to  give  it  an  op¬ 
portunity  of  attracting  more  air,  I  heated  it 
again,  and  got  about  two  ounce  meafures  of 
air,  of  the  ftandard  of  1.5.  This  was 
much  lefs  than  I  had  expected.  I  then  tied 
a  bladder  to  the  mouth  of  the  retort  the 
moment  it  ceafed  to  give  air.  But  though 
the  charcoal  was  fhaken  out  of  the  retort 
into  the  bladder  when  it  was  cold,  very 
little  air  had  been  abforbed  by  it.  It  then 
weighed  560  grains.  But  having  been  thus 
expofed  to  the  open  air,  though  for  a  fhort 
fpace  of  time,  on  being  again  immediately 
fuhjected  to  heat,  it  gave  50  ounce  meafures 
of  air,  the  ftandard  of  which  varied  in  differ¬ 
ent  periods  of  the  procefs,  in  the  following 
order:  T.54,  1.58,  1.7,  3.6,  and  about  one- 
twentieth  of  the  whole  was  fixed  air.  Why 
this  fame  charcoal  fhould  give  50  ounce 
meafures  of  air  now,  and  only  40  before,  1 
cannot  tell.  Probably  a  little  moifture  had 
been  attracted  by  it. 

Being  willing  to  afcertain  the  weight 
that  was  gradually  gained  by  charcoal  in 
confequence  of  being  expofed  to  the  open 

airr 
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air,  on  the  4th  of  September  I  left  in  aa 
open  difh  charcoal  frefh  made  from  dry 
oak,  weighing  -  364  grains 

The  next  day  it  weighed  390 
Two  9r  three  days  after,  397 
The  24th  of  Odt.  following  419 
The  26th  of  April  421 

It  appears,  therefore,  that  charcoal  frefh 
made,  only  abforbs  about  half  as  much 
air  on  its  firft  expofure  to  the  atmofphere 
as  it  does  in  a  courfe  of  time  afterwards. 

Judging  that  this  charcoal  would  not 

*N 

now  acquire  any  more  weight,  I  fubje&ed 
it  to  heat  in  an  earthen  retort ;  and  having 
got  from  it  a  quantity  of  air  that  was  con- 
fiderably  phlogifticated,  found  that  it 
weighed  312  grains,  but  the  retort  appeared 
1  to  be  cracked. 

Having  left  the  fame  charcoal  expofed  to 
the  open  air  a  whole  year,  I  weighed  it 
again,  and  found  it  to  be  371  grains.  That 
this  charcoal  fhould  be  reduced  to  lefs 
weight  than  it  had  been  at  the  beginning 
of  the  procefs,  I  could  not  account  for  at 
that  time ;  but  I  now  do  it  by  fuppoflng 
Vcl.  III.  R  -  that, 
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that,  together  with  air,  fome  moijiure  had 
been  imbibed ;  and  this  would  help  to  de- 
compofe  the  charcoal,  when  it  was  iubjeft- 
ed  to  the  fire  again,  as  is  explained  in  the 
fedlion  relating  to  phlogifton.  It  may, 
however,  be  determined  whether  the  air 
expelled  from  charcoal  by  heat  be  the  air 
which  it  had  imbibed,  or  that  which  was 
formed  by  the  decompofition  of  the  char¬ 
coal  by  means  of  water.  For  this  will  be 
inflammable  air,  whereas  the  other,  as  ap¬ 
pears  by  thefe  experiments,  will  be  par¬ 
tially  phlogifticated. 

Having  gone  through  another  procefs  of 
expofing  charcoal  to  air,  and  then  expelling 
air  from  it  by  heat,  I  fhall  here  note  the 
particulars  of  it. 

From  two  ounces  of  pounded  charcoal, 
on  the  20th  of  January,  I  expelled,  by 
means  of  a  ftrong  heat,  336  ounce  meafures 
of  air,  and  weighing  it  immediately  after¬ 
wards,  found  it  to  be  75 6  grains.  On  the 
23d  it  weighed  817  grains,  after  being  ex- 
pofed  on  a  plate,  fo  as  to  lie  about  half  an 
inch  in  depth.  The  air  expelled  from  it 

was 
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was  about  one-tenth  fixed  air.  This  char¬ 
coal  I  expofed  to  the  fire  feveral  times,  the 
lafi:  time  on  the  28th  of  June  in  the  year 
following,  immediately  after  which  it 
weighed  71 1  grains.  Some  of  the  air  that 
I  got  from  this  charcoal  was  inflammable, 
burning  with  a  lambent  blue  flame,  which 
fhews  that  moifture  had  been  imbibed  by 
the  charcoal. 

In  a  former  publication  I  obferved,  that 
when  charcoal  has  imbibed  air,  it  will  give 
it  out  again,  at  leafl  in  part,  on  being 
plunged  in  water,  as  well  as  by  being  ex¬ 
pofed  to  heat.  I  again  plunged  into  wa¬ 
ter  pieces  of  charcoal,  both  perfe&ly  and 
imperfectly  made,  after  having  been  fome 
days  expofed  to  the  open  air,  and  found  that 
the  air  they  gave  out  in  this  way  was  in 
both  cafes  common  air.  It  is  evident, 
therefore,  that  the  degree  of  phlogiftication 
in  the  air,  expelled  by  heat,  is  owing  to  the 
decompofition  of  the  charcoal. 

Having  repeated  the  Abbe  Fontana's 
experiments,  by  introducing  hot  charcoal 
through  mercury,  into  veflels  containing 

R  2  different 
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different  kinds  of  air,  and  being  willing  to 
recover  by  diftillation  the  mercury  that  had 
been  imbibed  by  the  different  pieces  of  char¬ 
coal,  I  at  the  fame  time  took  fome  notice 
of  the  air  that  came  from  them.  The 
quantity  of  air  was  very  confiderable,  but  I 
took  no  exadt  account  of  it.  With  refpedt 
to  its  quality,  it  was  partially  phlogiflicat- 
ed,  the  ftandard  of  it  being  about  1.6, 
though  the  laft  that  came  was  inflammable. 

In  my  experiments  with  refpedt  to  phlo- 
gifton,  I  made  feveral  on  the  decompofition 
of  charcoal  in  the  fun,  the  general  refults  of 
which  are  there  mentioned ;  but  as  the  par¬ 
ticulars  were  not  many,  I  fhall  here  recite 
them.  It  is  only  to  be  obferved,  that  at  the 
time  that  I  made  them  I  was  under  a  mif- 
take  with  refpedt  to  the  origin  of  the  air 
I  procured,  imagining  it  to  proceed  wholly 
from  the  charcoal ;  whereas  I  afterwards 
found  that  a  degree  of  moifture,  to  which  I 
had  not  then  attended,  was  neceffary  to  the 
formation  of  that  air.  Thefe  experiments 
were  all  made  by  the  heat  of  the  fun  in 
vacuo. 
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Four  grains  of  charcoal  treated  in  this 
manner,  yielded  twenty  ounce  meafures  of 
air,  all  inflammable,  except  that  it  barely 
made  lime  water  a  little  turbid  ;  but  with¬ 
out  any  diminution  that  I  could  meafure. 
At  another  time  four  grains  of  charcoal 
gave  24  ounce  meafures  of  air,  no  part  of 
which  was  fixed  air. 

I  entirely  difperfed  one  grain  of  charcoal 
in  vacuo,  and  it  gave  fix  ounce  meafures  of 
air,  without  the  flighted:  appearance  of  its 
containing  any  fixed  air.  This  charcoal 
had  been  long  expofed  to  the  open  air,  and 
on  that  account  would  give  out  more  air 
than  it  otherwife  would  have  done. 

Four  grains  and  an  half  of  charcoal  gave 

22  ounce  meafures  and  an  half  of  air;  and 
laftly,  three  grains  and  three  quarters  gave 

23  ounce  meafures  and  an  half  of  air,  with¬ 
out  the  leafl:  portion  of  fixed  air  in  it. 

I  fhall  clofe  this  account  with  an  experi¬ 
ment,  in  which  I  proceeded  to  take  the  fpe- 
cific  gravity  of  the  air  which  I  got  in  there 
procefl'es,  without  at  the  time  drawing  a 
very  obvious  conclufion  from  it.  From 

R  3  about 
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about  2J  grains  of  charcoal  of  oak,  I  got  1 5I 
ounce  meafures  of  inflammable  air,  no  part 
of  which  was  fixed  air ;  and  weighing  this 
air,  I  found  that  20  ounce  meafures  of  it 
weighed  four  grains  and  a  quarter  lefs  than 
the  fame  bulk  of  common  air.  According 
to  this  proportion  the  15  grains  and  an  half 
of  inflammable  air  ought  to  have  weigh- 
ed  5.96  grains,  which  is  much  more 
than  the  weight  of  the  charcoal.  But 
though  I  made  this  very  obfervation  at  the 
time,  I  did  not  then  infer,  that  water  muft 
enter  into  the  compofition  of  this  air,  hav¬ 
ing  no  fufpicion  that  the  water  at  the  bot¬ 
tom  of  the  receiver,  feveral  inches  below 
the  place  on  which  the  charcoal  was  ex- 
pofed  to  the  heat  of  the  lens,  could  be  at¬ 
tracted  by  it.  Had  not  fubfequent  ex¬ 
periments  {hewn  me  the  real  nature  of  this 
inflammable  air,  this  experiment  muft  have 
remained  inexplicable  by  me.  At  the  time 
I  imagined,  I  believe,  that  the  additional 
weight  of  the  air  was  owing  to  the  extra¬ 
neous  water  which  it  had  imbibed  in  be¬ 
ing  transferred  from  one  veflel  to  another. 
giu  h 7  }J  Having 
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Having  made  the  preceding  experiments 
with  charcoal  from  wood,  I  made  a  fimilar 
one  with  that  from  pit-coai,  and  I  found 
that  a  piece  of  it,  heated  in  vacuo,  yielded 
four  ounce  meafures  of  air,  after  having  loft 
fome  thing  lefs  than  a  grain  in  weight.  The 
air  had  in  it  a  fmall  quantity  of  fixed  air, 
but  the  reft  was  all  inflammable.  The 
charcoal  had  been  a  long  time  expofed  to 
the  common  air. 

After  the  preceding  experiments  with 
charcoal,  it  occurred  to  me  to  vary  them 
by  making  ufe  of  foot ;  but  I  was  much 
furprized  indeed,  to  find  that  it  was  a  lub- 
ftance  very  different  from  charcoal,  with 
which  at  firft  fight  it  might  feem  right  to 
clafs  it ;  for  it  contained  a  portion  of  pure 
air.  A  quantity  of  it  being  put  into  an 
earthen  retort,  and  expofed  to  a  ftrong  heat, 
yielded  air  fo  pure,  that  with  equal  quan¬ 
tities  of  nitrous  air,  the  teft  was  0.5,  a  de^ 
gree  of  purity  far  exceeding  that  of  common 
air.  There  was,  however,  fome  inflam¬ 
mable  air  mixed  with  it,  which  made  it 
burn  with  a  flight  blue  flame. 

R  4  Taking 
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Taking  fome  of  this  loot  from  which  air 
had  been  expelled  by  heat,  I  again  expofed 
it  to  the  heat  of  a  burning  lens  in  vacuo, 
and  from  a  grain  and  a  half  of  it  got  fix 
ounce  meafures  of  air,  all  inflammable,  and 
burning  with  a  blue  flame,  without  any 
fi-xed  air  in  it.  It  was,  therefore,  after  the 
former  experiment,  a  true  charcoal ,  but 
not  before. 


SECTION  XIV. 
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Ofthe  confituent  Principles  of  Fixed  Air . 

TN  the  paper  which  I  prefented  to  the 
Royal  Society  on  the  fubjed  of  phlo- 
gifton,  I  gave  a  general  account  of  fome 
experiments,  which  feemed  to  prove  the 
compofition  of  fixed  air  from  dephlogifti- 
cated  air  and  phlogifton.  I  fhall  now  give  the 
particulars  of  thofe  experiments,  and  alfo 

.  others 
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others  which  feem  to  lead  to  the  fame  con- 
clufion. 

The  experiment  upon  which  I  then  laid 
the  greateft  ftrefs,  as  appearing  to  me  the 
moft  conclufive,  was  that  with  red  precipi¬ 
tate  and  iron  filings  ,  the  former  of  which 
yields  only  dephlogifticated,  and  the  latter* 
Only  inflammable  air.  Butthefirft  experi¬ 
ment  that  I  made  of  the  kind  was  with 
charcoal  and  red  precipitate,  the  charcoal 
being  made  with  fo  great  a  degree  of  heat, 
that  no  fixed  air  could  be  expelled  from  it, 
not  even  when  it  was  wholly  difperfed  by 
the  heat  of  the  fun  in  vacuo.  This  expe¬ 
riment  is  certainly,  however,  not  fo  con- 
clufive  as  the  former ;  becaufe,  fince  dry 
wood  and  imperfectly  made  charcoal  yield 
fixed  air,  it  may  be  faid  that  all  the  elements 
of  this  kind  of  air  were  contained  in  the 
moft  perfect  charcoal.  And  though  this 
fubftance  alone  will  not,  even  with  the 
afiiftance  of  water,  give  fixed  air,  it  might 
be  faid,  that  this  might  be  effected  by  its 
treatment  with  other  fubftances,  without 
their  imparting  any  thing  to  it ;  efpecially 

as 
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as  the  inflammable  air  which  is  procured 
from  charcoal  by  means  of  water  appears  to 
contain  fixed  air,  when  decompofed  with 
dephlogifticated  air.  I  think,  however, 
that  I  have  in  a  former  feCtion,  contrary  to 
my  own  firft  fuppofition,  proved  that  this 
Afixed  air  is  really  a  compofition  of  phlo- 
gifton  contained  in  charcoal,  and  of  the 
dephlogifticated  air  with  which  it  was  in¬ 
flamed,  the  charcoal  contributing  nothing 
to  it  befide  its  phlogifton.  In  this  place  I 
fhall  only  recite  the  faCts  concerning  the 
production  of  great  quantities  of  fixed  air 
from  perfeCt  charcoal  and  red  precipitate. 

In  order  to  expel  all  fixed  air,  I  made  a 
quantity  of  perfect  charcoal  from  dry  oak ; 
and  while  it  was  hot  I  pounded  it,  and  im¬ 
mediately  mixing  four  meafures  of  it  with 
one  of  red  precipitate,  and  putting  them 
into  an  earthen  retort,  I  prefently  got,  in 
no  greater  a  degree  of  heat  than  was  ne- 
ceftary  to  revive  the  mercury,  a  large  quan¬ 
tity  of  air,  half  of  which  was  fixed  air. 
Afterwards  the  proportion  of  fixed  air  was 
lefs,  and  towards  the  conclufion  of  the  ex¬ 
periment 
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periment  there  came  no  fixed  air  at  all. 
This  refiduum  was  a  little  better  at  the 
firft  than  at  the  laft,  when  it  was  of  the 
ftandard  of  1.5. 

As  this  air  contained  a  greater  portion  of 
phlogifticated  air  than  the  common  air  of 
the  atmofphere,  and  no  fpirit  of  nitre,  or 
any  thing  that  could  yield  fpirit  of  nitre, 
was  concerned  in  the  experiment,  it  ftiould 
feem  that  phlogifticated  air  may  be  com- 
pofed  of  phlogifton  and  dephlogifticated  air; 
though  this  compofition,  according  to  the 
very  capital  difcovery  of  Mr.  Cavendish, 
may  be  reduced  to  fpirit  of  nitre,  or  rather 
become  one  element  in  the  compofition  of 
that  acid. 

In  another  experiment  I  hit  uppn  a  bet¬ 
ter  proportion  of  the  charcoal  and  red  pre¬ 
cipitate  for  making  pure  fixed  air.  For 
mixing  one  ounce  of  red  precipitate  (which 
all  chymifts,  I  believe,  are  agreed  to  be  the 
fame  thing  with  precipitate  per  je)  and  one 
ounce  of  perfedt  charcoal,  frefh  from  the 
retort  in  which  it  was  made ;  and  putting 
them  into  a  coated  glafs  veflcl,  I  procured 

from 
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from  the  mixture,  by  heat,  about  30  ounce 
meafures  of  air,  the  whole  of  which  was  the 
purefl  fixed  air,  leaving  only  about  one- 
fortieth  part  not  abforbed  by  water,  and  this 
not  inflammable,  but  of  theftandard  of  1.7, 
or  almofl:  perfectly  phlogifticated. 

This  experiment  made  me  recoiled!  thofe 
which  I  had  formerly  made  with  charcoal 
heated  in  nitrous  acid,  in  which  I  had  al¬ 
ways  procured  a  quantity  of  fixed  air.  I 
therefore  repeated  the  experiment  with  fome 
of  the  fame  charcoal  which  I  had  ufed  in 
the  preceding  experiment,  on  the  goodnefs 
of  which  I  could  depend ;  and  I  found  that, 
when  it  was  heated  in  the  acid,  in  a  glafs 
phial  with  a  ground  Hopper,  it  gave  air,  one- 
fifth  of  which  was  fixed  air.  At  another 
time  I  got  air  in  this  procefs,  one-half  of 
which  was  fixed  air.  To  the  formation  of 
this  air,  I  prefume,  that  the  phlogifton  from 
the  charcoal  and  the  dephlogifticated  air, 
which  is  known  to  be  produced  by  heating 
nitrous  acid,  muft  have  contributed.  * 

Being  then  apprized  of  the  objection  that 
might  be  made  to  the  ufe  of  charcoal \  as, 

'  *  _  notwith- 
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notwithftanding  the  great  heat  with  which 
it  was  made,  containing  at  lead:  the  ele¬ 
ments  of  fixed  air,  I  made  ufe  of  iron ,  to 
which  no  fuch  objection  could  be  made ; 
and  mixing  an  ounce  of  the  red  precipitate 
with  an  ounce  of  iron  filings,  and  then 
heating  them  in  a  coated  glafs  retort,  I  got 
20  ounce  meafures  of  air,  of  which  one- 
feventh  remained  unabforbed  by  water.  The 
refiduum  was  of  the  ftandard  of  1.52,  but 
flightly  inflammable. 

Again,  from  half  an  ounce  of  red  preci¬ 
pitate,  and  half  an  ounce  of  iron  filings,  I 
got  26  ounce  meafures  of  air,  of  which  the 
firft  part  was  pretty  pure  fixed  air  ;  but  af¬ 
terwards  one-tenth  of  it  remained  unab* 
forbed  by  water.  Then,  increaling  the 
proportion  of  iron,  I  mixed  one  ounce  of 
red  precipitate  with  two  ounces  of  iron 
filings,  and  got  about  40  ounce  meafures 
of  air,  of  the  firft  portions  of  which  only 
one-twentieth  was  unabforbed  by  water, 
though  towards  the  conclufion  of  the  pro- 
cefs  this  refiduum  was  greater.  In  this 
procefs  I  got,  in  the  whole,  36  ounce  mea¬ 
fures 
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fures  of  pure  fixed  air,  completely  abforbed 
by  water,  befides  what  was  abforbed  both 
in  the  firft  reception  of  the  air  (which  was 
in  veflels  containing  water)  and  afterwards 
in  transferring  this  air  into  thofe  veffels  in 
which  the  quantity  of  it  was  noted,  the 
whole  of  which  I  fuppofe  might  be  about 
four  meafures  more.  Examining  the  firft 
refiduum  of  this  procefs  by  nitrous  air,  the 
ftandard  of  it  was  1.6,  and  afterwards  1.7. 

Having  heard  that  it  was  objedted  to  this 
experiment,  that  iron  contains  a  quantity 
of  plumbago ,  and  that  the  fixed  air  which  I 
procured  might  come  from  that  ingredient 
in  it  (though  the  quantity  was  certainly 
much  too  great  to  be  accounted  for  in  that 
way)  I  made  ufe  of  other  metals,  to  which 
no  fuch  objection  could  be  made,  viz.  brafs 
and  zinc,  and  with  the  fame  reful t; 

With  two  ounces  of  brafs  duft  I  mixed 
one  ounce  of  red  precipitate,  and  in  a  coated 
glafs  retort  I  got  from  it  a  quantity  of  air, 
two-thirds  of  which  was  fixed  air.  The 

r 

ftandard  of  the  refiduum  was  0.6 ;  fo  that 
there  had  been  too  great  a  proportion  of  the 

red 
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red  precipitate.  But  fixed  air  was  produced 
in  a  quantity  abundantly  fufficient  for  my 
purpofe. 

In  a  coated  glafs  retort,  I  put  a  mixture 
of  one  ounce  of  red  precipitate  and  one 
ounce  of  filings  of  zinc,  and  got  fome  air, 
part  of  which  was  clearly  fixed  air  ;  but  the 
retort  very  foon  cracking  put  an  end  to  the 
experiment,  and  I  did  not  think  it  neceflary 
to  repeat  it.  I  imagine,  however,  that  it 
will  only  be  at  the  beginning  of  this  pro- 
cefs  that  much  fixed  air  can  be  procured, 
unlefs  more  precaution  be  ufed  in  con¬ 
ducting  it.  For  the  neck  of  the  retort 
breaking  quite  off,  there  ifiued  from  it  a 
ftrong  flame,  which  evidently  arofe  from  the 
burning  of  the  zinc  in  the  dephlogifiicated 
air  from  the  precipitate. 

As  turbeth  mineral  gives  dephlogifiicated 
air,  as  well  as  red  precipitate,  I  mixed  this 
fubftance  with  iron  filings,  and  had  a  fimi- 
lar  reful t,  when  I  heated  them  together  in 
in  an  earthen  retort.  One  ounce  of  the  tur¬ 
beth  mineral  with  two  ounces  of  iron  filings, 
yielded  about  fixteen  ounce  meafures  of  air,  of 

which 
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which  about  one- third  was  fixed  air,  and  the 
reft  of  the  ftandard  of  1.5. 

Another  experiment  which  feems  to  prove 
the  formation  of  fixed  air  from  phlogifton 
and  dephlogifticated  air,  is  the  expulfion  of 
it  from  that  black  powder  which  is  formed 
by  the  union  of  lead  and  mercury.  This 
powder,  I  have  obferved,  can  only  be  made 
in  pure  air,  which  is  no  doubt  abforbed  by 
the  metals ;  and  this  being  again  expelled 
by  heat,  together  with  the  phlogifton  which 
had  belonged  to  the  lead,  is  that,  I  prefume, 
which  forms  the  fixed  air  that  is  found  in 
this  procefs.  .  :  , 

When  I  began  to  make  obfervations  on 
this  black  powder,  I  mentioned  my  having 
expelled  fome  fixed  air  from  it.  This  was* 
from  fuch  powder  as  I  had  found  ready 
made ;  and  therefore,  not  knowing  with 
certainty  what  the  compofition  of  it  was,  I 
diflolved  one  ounce  of  lead  in  pure  mercury, 
and  then  expelled  it  again  in  the  form  of 
this  black  powder,  which,  when  the  run¬ 
ning  mercury  was  pretty  carefully  prefled 
out  of  it,  weighed  about  twelve  ounces. 

Then 
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Then  expofing  it  to  heat,  in  a  coated  glafs 
retort,  I  got  from  it  about  20  ounce  mea- 
fures  of  air,  making  allowance  for  the  quan¬ 
tity  of  fixed  air,  which,  as  I  fuppofed,  might 
have  been  abforbed  by  the  water,  in  receiv¬ 
ing  and  transferring  the  air  before  any  ac¬ 
count  was  taken  of  the  quantity  of  it.  Of 
this  air  about  one-thirtieth  part  only  was 
not  abforbed  by  water.  The  re  ft  duu  m  I  did 
not  examine.  I  muft  however  obferve,  that 
in  general,  befides  the  fixed  air,  I  obtained 
a  confiderable  quantity  of  the  pureft  dephlo- 
gifticated  air,  from  this  black  powder. 

In  making  -  the  black  powder  that  was 
ufed  in  the  preceding  experiment,  I  occa- 
fionally  changed  the  air  in  the  phial,  in 
which  I  fthook  the  mercury,  by  blowing 
into  it,  fometimes  with  a  pair  of  bellows, 
and  fometimes  with  my  mouth ;  and  as  it 
was  fuggefted  that  this  might  have  fupplied 
the  fixed  air  which  I  afterwards  found  in  the 
black  powder,  I  diffolved  two  ounces  of 
lead  in  mercury,  and  got  the  black  powder 
without  blowing  into  the  veflel  at  all,  only 
changing  the  air  fo  much  oftner  as  was 
Vol.  III.  S  then 
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then  neceffary.  From  fix  ounces  of  the 
black  powder  thus  carefully  prepared,  I 
expelled  4I-  ounce  meafures  of  air,  of  which 
one  and  a  half  was  pure  fixed  air.  This 
was  fufficient  to  fatisfy  me  that  fomc  fixed 
air  is  certainly  procured  in  this  procefs. 
The  refiduum  of  this  fjxed  air  was  of  the 
ftandard  of  of  1.7,  or  1.8.  I  did  not  at 
this  time  get  from  this  powder  all  the  air  it 
would  have  yielded. 

Being  now  latisfied  that  there  was  no  oc- 
cafion  to  prepare  this  black  powder  with 
the  precaution  mentioned  above,  I  repeated 
the  experiment  with  ten  ounces  of  it 
prepared  in  the  readier  method  which  I 
had  ufed  before,  with  a  view  to  examine 

-  V  9 

the  refiduum  of  the  air,  when  the  fixed 
air  fhould  be  feparated  from  it.  The 
produce  of  air  was  in  all  about  23  ounce 
meafures,  which  I  received  in  four  por¬ 
tions  of  five  ounce  meafures  each,  and  an¬ 
other  containing  the  remainder.  All  thefe 
portions  I  examined  feparately,  obferving 
the  proportion  of  refiduum  in  each  of  them, 
and  the  quality,  as  meafured  by  my  ufual 

ftandard, 
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ftandard,  and  the  refult  was  as  follows  : 
Of  the  firft  portion  there  remained  one- 
fourth,  of  the  ftandard  of  1.6;  of  the  fe- 
cond  one  third,  of  the  ftandard  of  1.44; 
of  the  third  one -half,  of  the  ftandard  of 
0.8;  and  of  the  fourth  three-fourths,  of 
the  fame  quality  with  the  preceding. 

In  the  laft  portion  the  refiduum  was  one- 
half  of  the  whole,  and  that  I  found  to  be  fo 
pure,  that,  mixing  it  with  two  equal  quan¬ 
tities  of  nitrous  air,  the  ftandard  of  it  was 
0.63  ;  fo  that  the  quality  of  thefe  refiduums 
was  continually  purer,  till  at  the  laft  it  was 
pretty  highly  dephlogifticated. 

It  may  be  inferred  from  both  thefe  courfes 
of  experiments,  that  fixed  air  confifts  not  of 
inflammable  air  (which  I  fuppofe  neceflarily 
contains  water)  but  of  pure  phlogifton,  and 
dephlogifticated  air.  In.  the  experiments 
with  the  red  precipitate  and  iron,  no  water 
at  all  is  concerned,  unlefs  either  the  iron 
itfelf  contain  fome,  or  the  mercury,  or  de¬ 
phlogifticated  air  :  fince  when  the  red  pre¬ 
cipitate  is  decompofed  by  itfelf,  nothing  is 

S  2  produced 
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produced  befides  mercury  and  dephlogilli- 
cated  air,  without  any  water.  The  experi¬ 
ment  with  the  black  powder  will  equally 
authorize  the  fame  conclufion,  as  neither  the 
lead,  the  mercury,  nor  the  pure  air  that  com¬ 
bines  with  them,  can  be  faid  to  contain  any 
water. 

It  may  be  worth  while  to  obferve  that,  in 
making  this  black  powder,  the  phial  in 
which  the  lead  and  mercury  are  Ihaken, 
grows  very  warm,  as  the  coagulum  of  the 
two  metals  (from  which  the  black  pow¬ 
der  is  p relied)  begins  to  form,  and  that  in 
fqueezing  this  coagulum  in  a  cloth  (which 
is  the  readied:  method  of  feparating  the 
running  mercury  from  the  black  powder) 
it  fuddenly  becomes  fo  hot,  that  I  could 
fometimes  hardly  bear  to  handle  it. 

For  the  information  of  thofe  who  may 
wilh  to  repeat  thefe  experiments,  I  would 
obierve,  that  in  ufmg  as  much  mercury  as 
I  can  conveniently  fhake,  in  a  phial  contain¬ 
ing  about  three  pints  of  water,  I  have  got, 
with  four  hundred  concuffions  of  the  amal- 
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gum  (blowing  into  the  phial  with  a  pair  of 
bellows  after  every  hundred  concuffions)  near 
eight  ounces  of  the  black  powder. 

While  I  am  upon  the  fubjeCt  of  this 
black  powder,  I  fhall  obferve,  that  it  oc¬ 
curred  to  me  to  mix  with  it  more  matter 
containing  phlogifton,  in  order  to  fee  what 
change  that  would  make  in  the  refiduum 
of  the  produce  of  air. 

From  four  ounces  of  the  black  powder 
mixed  with  two  ounces  of  iron  filings, 
heated  in  an  earthen  retort,  I  expelled  54 
ounce  me  a  fu  res  of  air,  of  which  not  more 
than  four  ounce  meafures  were  fixed  air, 
and  the  refiduum,  examined  at  different 
times,  was  of  the  ftandards  of  1.3,  and 
1.44;  but  the  greater  part  of  it  was  of  1.52, 
fo  that  there  was  a  confiderable  production 
of  inflammable  air  from  the  iron.  In 
this  experiment,  I  raifed  the  heat  very  gra¬ 
dually,  till  I  had  got  one  third  of  the 
produce  of  air.  This  I  did  from  an  idea 
that  this  moderate  heat  might  increafe 
the  quantity  of  the  fixed  air,  but  it  did 

S  3  not 
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not  appear  to  make  any  difference  in  this 

Then  varying  the  proportion  of  the  in¬ 
gredients,  I  mixed  20  ounces  of  the  black 
powder  with  only  one  ounce  of  iron  filings, 
and  receiving  the  air  in  three  portions,  ob- 
ferved  as  follows.  The  firft  portion,  which 
contained  fix  ounce  meafures,  had  a  refi- 
duum  of  3.5,  of  the  ftandard  of  1.6.  The 
fecond,  which  was  one  ounce  meafure,  had 
a  refiduurn  of  0.12,  of  the  ftandard  of  1.7  • 
and  the  third  portion,  which  was  only  one 
ounce  meafure,  had  a  refiduum  of  0.12,  of 
the  ftandard  of  1 .7.  Whether  this  was  the 
whole  of  the  produce  of  air,  I  do  not  re¬ 
coiled:. 

In  order  to  try  more  fully  theeffed  of  dif¬ 
ferent  degrees  of  heat,  I  repeated  the  procefs 
with  the  black  powder,  only  determining  to 
fufpend  the  procefs  in  the  middle  of  the 
produce  of  air.  Accordingly  I  heated  two 
ounces  of  the  black  powder  in  a  porcelain 
veffel  ;  when  I  obferved  that  fome  por¬ 
tions  of  the  produce  contained  about  one 

half 
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half  fixed  air,  and  that  this  proportion 
kept  growing  lefs  and  lefs,  till  the  produce 
confided  of  nothing  but  the  pured  dephlo- 
gidicated  air,  the  dandard  of  it  being,  with 
two  equal  meafures  of  nitrous  air,  0.2.  I 
then  let  the  vedel  cool,  and  obferved  that, 
on  refuming  the  experiment,  the  air  came 
with  the  fame  purity  to  the  lad. 

Examining  the  refiduum  in  the  retort, 
I  found  half  an  ounce  of  red  powder,  the 
colour  of  which  could  hardly  be  didin- 
guifhed  from  that  of  precipitate  per  fe . 
So  that,  no  doubt,  the  mercury  had  been 
converted  into  it,  and  this  very  pure  air  was 
probably  that  which  came  from  the  pre¬ 
cipitate  as  it  was  reviving.  In  this  way, 
therefore,  it  would  be  eafy  to  make  this  pre¬ 
cipitate  in  large  quantities,  could  a  method 
be  found  of  feparating  it  from  the  red  lead 9 
with  which  it  is,  in  this  procefs,  necqffarily 
mixed. 

In  the  preceding  experiment  it  will 
have  been  obferved,  that,  at  fird,  the  refi¬ 
duum  was  confiderably  phlogidicated,  but 
at  the  lad  remarkably  pure.  An  accident 
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in  a  fubfequent  experiment  I  once  thought 
had  difcovered  the  caufe  of  this  difference. 
In  the  middle  of  one  of  the  proceffes,  in 
which  I  was  ufing  the  black  powder  only, 
heating  it  in  a  glafs  veflel,  a  quantity  of 
water  was  drawn  up  through  the  tube 
that  communicated  with  the  recipient,  and 
got  into  the  veffel  that  contained  the  black 
powder;  and  in  all  the  remainder  of  that 
procefs,  the  refiduum  of  the  air  was  no  bet¬ 
ter  than  about  the  ftandard  of  1.7.  Water 
came  over  along  with  this  air  to  the  very 
laft,  though  the  bottom  of  the  veffel  was 
red  hot.  When  the  procefs  was  over,  the 
matter  taken  out  of  the  veffel  was  ftill 
moift,  and  of  a  dark  grey  colour. 

On  this  I  made  a  pafte  of  the  powder 
with  water,  and  drying  it  a  little,  imme¬ 
diately  repeated  the  experiment  with  it ; 
but  I  found  no  fenfible  difference  between 
the  fubftance  in  this  ftate,  and  that  which  had 
not  been  wetted.  Four  ounces  of  it  yielded 
1 20  ounce  meafures  of  air,  of  which  about 
12  were  pure  fixed  air,  completely  abforbed 
by  water,  and  the  reff  highly  dephlogifticat- 
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ed.  However,  in  one  procefs  of  this  kind, 
from  two  ounces  and  a  half  of  this  powder, 
which  had  been  moiftened  and  dried  again, 
I  got  70  ounce  meafures  of  air,  of  which 
only  a  very  ftnall  part  was  fixed  air,  and 
the  refiduum  was  by  no  means  pure  de¬ 
phlogifticated  air.  For  with  two  equal 
meafures  of  nitreous  air,  the  ftandard  was 
1.2  and  1.3.  At  other  times  alfo  I  have 
had  much  lefs  fixed  air  from  this  black 
powder  when  it  had  not  been  wetted,  than 
in  feveral  of  the  inftances  above  mention¬ 
ed  -y  and  1  have  not  as  yet  been  able  to  dis¬ 
cover  the  circumftance  on  which  the  pro-- 
dudtion  of  it  in  a  greater  or  lefs  quantity 
depends. 

In  the  preceding  procefles  with  this 
black  powder,  I  always  got  from  it  more  or 
lefs  of  fixed  air.  But  thinking  to  produce 
more  of  it  by  heating  this  fubftance  with  a 
burning  lens  in  dephlogifticated  air,  I  was 
furprifed  to  find,  that  I  only  increafed  the 
quantity  of  dephlogifticated  air  in  the  vef- 
fel,  and,  produced  no  fixed  air  at  all. 
Whence  this  remarkable  difference  could 
arife,  I  do  not  pretend  to  fay.  It  will  be 

feen. 
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feen,  that,  in  this  procefs  with  inflammable 
air,  I  found  it  to  be  a  matter  of  indifference 
whether  I  ufed  this  black  powder  or  the  red 
precipitate  ;  both  of  them  equally  imbibing 
inflammable  air,  without  producing  either 
water  or  fixed  air. 

Another  decifive  proof  of  the  generation 
of  fixed  air  from  phlogifton  and  dephlogif- 
ticated  air,  is  the  conftant  production  of  it 
when  iron  is  melted  in  dephlogiilicated  air 
over  mercury,  by  means  of  a  burning  lens. 
This  experiment  being  a  very  pleafing  one, 
I  repeated  it  very  often  ;  and  as  it  is  on  too 
fmall  a  fcale  to  admit  of  great  exadtnefs,  I 
(hall  mention  the  refults  of  feveral  of  them, 
obferving,  in  the  firfl:  place,  that  no  water 
is  produced  in  this  procefs. 

At  one  time  I  obferved,  that  when  two- 
thirds  of  the  deplogiflicated  air  difappeared, 
one-ninth  of  the  remainder  was  fixed  air. 
At  another  time  feven  ounce  meafures  of 
dephlogifticated  air  were  reduced  to  two, 
of  which  more  than  one-third  was  fixed 
air.  Again,  fix  ounce  meafures  and  a  half 
were  reduced  to  half  an  ounce  meafure,  and 
one  half  of  this  was  fixed  air.  I  repeated 
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the  experiment  again,  at  the  fame  time,  and 
had  the  very  fame  refult. 

In  all  thefe  experiments  it  cannot  be 
doubted  but  that  the  greater  part  of  the  de¬ 
phlogifticated  air  incorporates  with  the 
iron,  converting  it  into  a  fcale,  or  finery 
cinder ,  being  the  very  fame  fubftance  with 
that  which,  is  produced  by  tranfmitting 
fleam  over  iron  when  it  is  red  hot  j  but  at 
the  fame  time  fome  phlogifton  muft  be  ex¬ 
pelled  from  the  iron,  and  unite  with  the 
dephlogifticated  air  in  the  veffel,  in  order  to 
form  the  fixed  air  that  is  found  in  it ;  as  in 
other  cafes  it  unites  with  water >  and  makes 
inflammable  air. 

Perhaps  as  decifive  a  proof  as  any  of  the 
real  production  of  fixed  air  from  phlogiflon 
and  dephlogifticated  air,  may  be  drawn  from 
the  experiments  in  which  I  always  found  a 
quantity  of  it  when  I  burned  fulphur  in 
dephlogifticated  air.  In  one  of  thole  ex¬ 
periments  to  which  I  gave  more  particular 
attention,  fix  ounce  meafures  and  an  half  of 
the  dephlogifticated  air  were  reduced  to 
about  two  ounce  meafures,  and  one-fifth  of 

this 
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this  was  fixed  air.  Much  vitriolic  acid  air 
had  been  produced  in  this  procefs  :  For, 
before  I  admitted  any  water  to  it,  the  fix 
and  an  half  ounce  meafures  were  only  re¬ 
duced  to  fix.  When  both  the  vitriolic  acid 
and  the  fixed  air  were  abforbed  by  water, 
the  remainder  was  very  pure  dephlogifticat- 
ed  air,  the  ftandard  of  it  being  0.3. 

I  had  always  concluded,  that  no  fixed  air 
could  be  produced  by  the  decompofition  of 
inflammable  air,  which  had  been  procured 
by  means  of  the  mineral  acids,  becaufe  I 
had  not  been  able  to  do  it  with  that  which 
I  had  got  by  means  of  the  vitriolic  acid ; 
but  1  learned  from  Mr.  Metherie  (in 
whofe  ingenious  treatife  on  air  I  cannot 
help  wifhing  he  had  indulged  a  little  lefs 
to  theory)  that  this  is  peculiar  to  the  vi¬ 
triolic  acid,  the  remains  of  which,  diffufed 
through  the  inflammable  air  procured  by 
it,  he  conjectures,  may  decompofe  the  fixed 
air  actually  produced  in  the  procefs.  See 
his  Treatife,  p.  no.  For,  as  I  have  hinted 
before,  when  the  inflammable  air  is  pro¬ 
duced  from  iron,  by  means  of  Ipirit  of  fait, 

there 
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there  is  a  very  perceivable  quantity  of  fixed 
air,  when  it  is  united  with  dephlogifticated 
air.  When  I  decompofed  thefe  two  kinds 
of  air  in  equal  quantities,  they  were  re¬ 
duced  to  about  0.5  of  a  meafure,  and  of 
this  not  more  than  about  one  fortieth  part 
was  fixed  air.  This  experiment,  ought, 
however,  to  be  added  to  the  other  proofs  of 
fixed  air  being  produced  by  the  union  of 
dephlogifticated  air  and  phlogifton. 

The  laft  inftance  of  the  generation  of 
fixed  air  from  phlogifton  and  dephlogifti¬ 
cated  air,  which  I  fliall  mention  in  this  fec- 
tion,  is  of  a  much  more  ftriking  nature  than 
any  that  I  have  yet  recited.  Having  made 
what  I  call  charcoal  of  copper ,  by  making 
vapour  of  fpirit  of  wine  pafs  over  copper 
when  it  was  red  hot,  I  took  a  piece  of  it, 
and,  with  no  very  particular  view,  heated  it 
in  different  kinds  of  air.  Among  others,  I-* 
did  this  in  common  air,  and  not  obferving 
any  increafe  or  decreafe  of  the  quantity  of 
air,  concluded,  but  perhaps  too  haftily,  that 
no  change  was  made  in  it.  For  when  I 

repeated 
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repeated  the  experiment  in  dephlogilticated 
air,  the  charcoal  burned  very  intenfely ;  and 
when  a  part  of  it  was  con  fumed  (which, 
like  common  charcoal  in  the  fame  procefs, 
was  done  without  leaving  any  fenfible  refi- 
duum)  I  found  that  no  heat  which  I  could 
apply  afterwards  had  any  farther  effect  on 
what  was  left  of  the  charcoal.  Conclud¬ 
ing,  therefore,  that  fome  change  muft  be 
made  in  the  quality  of  the  air,  I  examined 
it,  and  found  about  nine-tenths  of  it  to  be 
the  pureft  fixed  air,  and  the  refiduum  was 
fuch  as  would  have  been  made  by  feparating 
the  abfolutely  pure  part  of  the  dephlo- 
gifticated  air,  and  leaving  all  the  impurities 
in  what  remained. 

Having  afcertained  this  faft,  I  repeated 
the  experiment,  weighing  the  piece  of 
charcoal  very  carefully  before  and  after  the 
procefs,  and  then  found  that,  by  the  lofs  of 
one  grain  of  the  charcoal,  I  reduced  four 
ounce  meafures  of  dephlogilticated  air  till 
one-ninth  only  remained  unabforbed  by 
water  ;  and  again,  with  the  lofs  of  one  grain 

•  *  s  and 


Principles  of  Fixed  Air .  271 

and  an  half  of  the  charcoal,  I  reduced  fix  and 
an  half  meafures  of  dephlogifticated  air  till 
five  and  a  half  ounce  meafures  were  pure 
fixed  air. 

In  this  procefs  there  was  a  diminution  of 
the  bulk  of  the  air  after  the  experiment, 
as  might  be  expeded  from  the  change  of 
the  air  into  one  of  a  heavier  kind  by 
means  of  a  fubftance,  or  principle,  that 
could  not  add  much  to  the  weight  of  it ; 
but  I  did  not  accurately  meafure  this.  In 
one  of  the  experiments  4.3  ounce  meafure 
of  dephlogifticated  air  were  diminifhed,  I 
obferved,  about  one-thirtieth  part  of  the 
whole.  But  being  in  a  pretty  wide  vefleJ, 
fuch  a  meafure  cannot  be  accurate  enough 
for  computation.  In  this  cafe,  when  the 
fixed  air  was  feparated  by  water,  there  was 
a  refiduum  of  0.75  of  a  meafure  of  the 
ftandard  of  1.0,  whereas  the  dephlogifli¬ 
cated  air  before  the  experiment  had  been  of 
the  ftandard  of  0.2. 

That  dephlogifticated  air  adually  enters 
into  the  compolition  of  this  fixed  air  in 
this  experiment,  is  evident  from  the  weight 
;  '  of 
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of  the  fixed  air,  which  far  exceeds  that  of 
the  charcoal,  which  is  difperfed  in  the 
procefs.  For  in  this  laft  experiment  the 
weight  of  the  fixed  air  produced  was  4.95 
grains.  Confequently,  fuppofing  the  char* 
coal  to  be  wdiolly  phlogifton,  as  it  i^s  very 
nearly  fo,  fixed  air  may  be  faid  to  confift 
of  3.45  parts  of  dephlogifticated  air,  and 
1.5  phlogifton.  So  that  the  dephlogifti¬ 
cated  air  is  more  than  three  times  the  pro¬ 
portion  of  the  phlogifton  in  it. 

I  muft  not  conclude  this  fe&ion  with¬ 
out  obferving  that,  in  one  experiment,  I 
never  failed  to  produce  fixed  air,  though  it 
is  not  eafy  to  fee  how  one  of  its  fuppofed 
elements,  viz.  dephlogifticated  air,  could 
enter  into  it.  This  is  by  heating  iron  in 
vitriolic  acid  air.  I  repeated  the  experi¬ 
ment  many  times,  and  always  had  this  very 
remarkable  refult. 

In  one  of  the  experiments,  four  ounce 
meafures  of  the  vitriolic  acid  air  were  re¬ 
duced  to  0.65  of  an  ounce  meafure$  ana  of 
this  three  and  one-half  of  the  whole  was 
fixed  air,  abforbed  by  lime-water,  and  the 

remainder 
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remainder  was  flightly  inflammable.  In 
another  experiment  I  could  not  perceive  any 
thing  inflammable  in  the  refiduum.  It  ap¬ 
peared  to  be  only  phlogifticated  air.  But 
thefe  reiiduums  are  always  final],  fo  that  it 
is  not  eafy  to  diftinguifh  weakly  inflam¬ 
mable  air  from  that  which  is  phlogifticated. 


SECTION  XV. 

Of  the  Change  made  in  Fixed  Air  by  the  elec¬ 
tric  Spark . 

IHave  obferved  in  my  former  publica¬ 
tions,  that  by  taking  the  eleftric  fpark 
in  fixed  air,  a  part  of  it  is  converted  into 
air  that  is  not  abforbed  by  water.  I  have 
fince  repeated  this  experiment  with  more 
care ;  and  though  I  have  never  been  able 
to  make  the  whole  of  any  proportion  of 
fixed  air  immifcible  with  water  by  this 
means,  yet  I  have  always  fo  far  changed  it, 
Vol.  III.  T  '  that 
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that  the  refiduum  was  more  conliderable 
*  than  before,  but  in  different  proportions. 

I  took  the  eledtric  fpark  about  two  hours 
in  a  fmall  quantity  of  fixed  air  confined  in  a 
glafs  tube  by  mercury.  Before  the  experi¬ 
ment,  one-thirtieth  of  the  air  was  unab- 
forbed  by  water,  but  afterwards  one-fourth. 
The  glafs  tube  in  which  this  experiment  was 
made  became  very  black  in  the  infide ;  and 
as  this  change  is  made  in  mercury  by  the  ad¬ 
dition  of  phlogifton,  it  looks  as  if  fome  of 
the  phlogifton,  which  had  made  a  part  of 
the  fixed  air,  had,  by  this  procefs,  been 
feparated  from  it  ;  and  leaving  a  greater 
proportion  of  dephlogifticated  air  in  the 
remainder,  would  neceflarily  make  it  lefs 
mifcible  with  water.  The  blacknels  on  the 
infide  of  the  tubes,  in  which  the  ele&xic 
fpark  is  taken  through  vitriolic  acid  air  or 
common  air,  I  before  difcovered  to  be  mer¬ 
cury  fuperfaturated  with  phlogifton. 

The  next  time  that  I  repeated  this  ex¬ 
periment,  I  attended  to  the  quality  of  the 
refiduum  before  and  after  the  procefs ;  and 
the  refult  was  fuch  as  feems  to  confirm  the 
i  above- 
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above-mentioned  conjecture.  I  took  the 
eleCtric  fpark  an  hour  and  ten  minutes  in 
little  more  than  half  an  ounce  meafure  of 
fixed  air,  after  which  one-fifth  of  the  whole 
was  unabforbed  by  water,  and  the  ftandard 
of  the  refiduum  was  0.9.  Of  the  original 
fixed  air  about  one-thirtieth  was  unabforbed 
by  water,  and  the  ftandard  of  the  refiduum 
was  1 .0.  In  this  experiment  I  alfo  ob- 
ferved  that  the  quantity  of  the  air  in  which 
I  made  the  experiment  was  increafed  about 
a  twentieth  part,  which  I  do  not  pretend  to 
explain. 

Again,  I  took  the  eledtric  fpark  an  hour 
in  half  an  ounce  meafure  of  fixed  air,  after 
which  there  remained  as  much  refiduum 
unabforbed  by  water  as  had  remained  in 
about  five  times  the  quantity  of  the  fame 
fixed  air  in  which  no  fpark  had  been  taken. 
This  refiduum  was  alfo  much  purer  than 
that  of  the  original  fixed  air,  the  ftandard 
of  it  being  0.8,  whereas  that  of  the  original 
fixed  air  had  been,  as  before,  1.0.  I  re¬ 
peated  the  experiment,  and  found  the  refi¬ 
duum  ftill  greater,  but  of  the  fame  pure 
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quality  ;  and  in  this  cafe  I  obferved  a  good 
deal  of  the  black  matter  adhering  to  the 
infide  of  the  tube. 

In  the  following  experiment  I  obferved 
a  farther  change  in  this  fubftance.  In  a 
fmall  tube,  containing  about  one-fifteenth 
of  an  ounce  meafure  of  fixed  air,  I  took  the 
electric  fpark  about  an  hour ;  after  which 
there  was  a  good  deal  of  the  black  matter 
clouding  all  the  infide  of  the  tube;  but  the 
lower  part  of  it  was  covered  with  fomething 
of  a  yellow  colour,  like  fulphur.  In  this 
cafe  the  refiduum  not  abforbed  by  water 
was  between  one-fourth  and  one-fifth  of 
the  whole,  and  lefs  pure  than  the  former 
refiduums.  Had  not  the  dephlogifticated 
air  in  the  fixed  air  pafled  into  the  mercury, 
tending  to  make  it  a  precipitate  per  fe  ? 
Was  not  this  the  caufe  of  the  refiduum 
being  lefs  pure  than  before?  And  does  not 
this  experiment  alfo  prove,  that  phlogifti- 
cated  air  may  be  compofed  of  the  fame  ma¬ 
terials  with  fixed  air,  viz.  dephlogifticated 
air  and  phlogifton  ? 


Again, 
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Again,  I  took  the  electric  fpark  three 
hours  in  a  fmall  quantity  of  fixed  air,  and 
obferved  that  it  was  firft  increafed,  and  then 
diminifhed  about  one-eighth  of  the  whole ; 
the  infide  of  the  tube  being  very  black,  and 
below  the  mercury  very  yellow,  about  the 
fpace  of  a  quarter  of  an  inch  quite  round  the 
tube.  But  that  fpace,  or  at  lead:  part  of  it, 
had  been  above  the  mercury  at  the  begin¬ 
ning  of  the  procefs.  There  remained  one- 
third  of  the  air  unabforbed  by  water,  and 
fo  impure,  that  the  ftandard  of  it  was  1.8. 

To  vary  the  experiment,  I  took  the  elec¬ 
tric  fpark  in  a  quantity  of  fixed  air  confined 
by  water,  impregnated  with  fixed  air.  The 
quantity  was  much  increafed  by  the  air  ex¬ 
tricated  from  the  water,  and  after  the  pro¬ 
cefs  by  far  the  greater  part  of  it  was  in¬ 
capable  of  being  abforbed  by  lime  water. 
In  the  courfe  of  this  experiment,  I  ob¬ 
ferved  that  water  impregnated  with  fixed 
air  is  by  no  means  fo  good  a  conductor  of 
electricity  as  water  impregnated  with  any 
of  the  mineral  acids. 

T  2 
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Again  I  took  the  eledtric  fpark  in  fixed 
air,  confined  by  a  little  common  water,  and 
obferved  that  the  blacknefs  mentioned  above 
extended  more  than  a  quarter  of  an  inch 
below  the  furface  of  the  mercury,  in  the 
fame  manner  as  the  yellow  colour  had  done 
before.  In  this  cafe  alfo,  the  reiiduum  was 
purer  than  that  of  the  original  fixed  air. 

Again  I  took  the  eledtric  fpark  half  an 
hour  in  feven  tenths  of  an  ounce  meafure  of 
fixed  air,  after  which  one-tenth  of  it  was 
immifcible  with  water,  and  the  reiiduum 
was  evidently  better  than  the  natural  refi- 
duum  of  the  fame  fixed  air.  The  ftandard 
of  that  had  been  i.o,  and  of  the  other  about 
0.85. 

I  took  the  eledtric  fpark  three  hours  in 
about  three  fourths  of  an  ounce  meafure  of 
fixed  air,  after  which  it  was  increafed  in 
bulk  one  eighteenth*  Water  being  ad¬ 
mitted  to  it,  there  remained  one-fixth  un- 
abforbed.  Being  examined,  the  ftandard 
was  found  to  be  as  before,  a  little  better 
than  the  refiduum  of  the  fame  fixed  air, 

Being 


*Air  by  the  elediric  Spark .  2  79 

Being  defirous  of  afcertaining  whether 
this  change  in  the  conflitution  of  the  fixed 
air  was  owing  to  the  light,  or  the  heat  pro¬ 
duced  by  the  ele&ric  fpark,  or  to  fome- 
thing  peculiar  to  ele&ricity.  I  firft  threw 
a  ftrong  light  by  means  of  a  burning  lens, 
on  fome  pounded  glafs,  confined  in  fixed 
air,  for  fome  hours.  But  though  the  reii- 
duum  was  by  this  means  a  little  increafed,  yet 
being  of  the  fame  quality  with  the  common 
air,  I  fufpefted  that  it  was  the  air  which 
was  neceflarily  introduced  through  the  quick- 
filver  along  with  the  pounded  glafs.  There 
was  no  change  in  the  dimenfions  of  the  air 
after  the  experiment. 

I  repeated  the  procefs  with  fine  glafs- 
houfe  fand,  which  had  been  previoufly  ex- 
pofed  to  a  ftrong  heat.  But  though  the 
refiduum  was  increafed,  the  experiment  was 
not,  upon  the  whole,  more  fatisfadtory  than 
the  former.  I  alfo  heated  bits  of  crucibles 
in  the  fame  manner,  and  found  the  refiduum 
larger  than  before,  in  the  proportion  of  ro 
to  6.6  5  but  the  quality  of  it  was  worfe. 
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To  what  this  fhould  be  owing,  I  cannot 
tell. 

I  once  more  repeated  the  experiment  with 
bits  of  crucibles,  and  the  refult  was  cer¬ 
tainly  favourable  to  the  hypothefis  of  a  real 
change  being  made  in  the  quality  of  the  air 
by  heat ,  but  I  do  not  pretend  to  fay  that  it 
was  decifiyely  fo.  After  the  procefs  with 
fifty- fix  meafures  of  the  air  there  was  a  refi- 
duum  of  three  meafures ;  whereas  before 
the  experiment,  the  fame  quantity  of  the 
fixed  air  had  left  a  refiduum  of  only  two 
meafures.  And  that  the  additional  mea- 
fure  was  not  the  common  air,  introduced 
into  the  veffel  by  adhering  to  the  bits  of 
crucibles,  was  evident  from  the  quality  of 
the  refiduum,  which  was  the  very  fame,  viz, 
of  the  ftandard  of  1 .  i .  I  alfo  affured  myfelf 
that  there  was  no  fallacy  of  this  kind  in  the 
experiment,  by  introducing  the  very  fame 
bits  of  crucibles  into  another  equal  quantity 
of  fixed  air.  For  I  did  not  find  that  any 
fenfible  quantity  of  common  air  had  been 
carried  into  the  veffel  along  with  them. 

However, 
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However,  by  heating  iron  in  fixed  air, 
there  can  be  no  doubt  but  that  a  fenfible 
quantity  of  it  is  converted  into  phlogifti- 
cated  air ;  which  agrees  with  the  experi¬ 
ments  that  I  formerly  made,  by  putting  pots 
of  iron  filings  and  brimftone  into  fixed  air. 
The  experiments  that  I  made  of  this  kind 
were  the  following,  in  which  it  will  be  ob- 
ferved,  that,  though  in  fome  of  them,  there 
was  an  increafe  of  the  quantity  of  air  after  the 
procefs,  yet  that  it  was  by  no  means  equal 
to  the  quantity  that  remained  unabforbed  by 
the  water ;  and  therefore,  there  mull;  have 
been  a  farther  addition  made  of  this  kind  of 
air  in  the  procefs. 

After  heating  turnings  of  malleable  iron 
in  a  quantity  of  fixed  air  for  fome  time, 
I  examined  a  part  of  it,  and  found  that 
about  one-tenth  of  the  whole  was  immif- 
cible  with  water.  Having  refumed  the  pro¬ 
cefs  with  the  remainder,  I  found  a  refi- 
duum  of  one-fourth  of  the  whole.  There 
feemed  to  be  a  fmall  addition  to  the  quan¬ 
tity  of  air  after  the  firfi:  part  of  the  procefs, 
but  I  could  not  perceive  that  there  was  any 
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after  the  fecond.  I  refumed  the  procefs 
a  third  time,  but  did  not  find  that  I  had 
made  more  than  one  fourth  of  the  whole 
immifcible  with  water.  At  another  time 
I  heated  the  fame  kind  of  iron  in  fixed 
air,  till  of  3^  ounce  meafures  of  air  there 
was  a  refiduum  of  0.8  of  a  meafure,  which 
was  {lightly  inflammable,  burning  with 
a  blue  flame;  and  in  this  cafe  there  was 
no  fenfible  addition  to  the  quantity  of 
air  at  all.  Laftly,  I  heated  iron  in  three 
ounce  meafures  of  fixed  air  till  there 
was  an  addition  of  0.4  of  a  meafure  to 
the  quantity  of  it;  but  there  was  a  refi¬ 
duum  of  one  and  a  half  of  a  meafure  not 
abforbed  by  water,  which  burned  with  a 
flightly  exploflve  blue  flame, 
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SECTION  XVI, 


Of  the  Quantity  of  Fixed  Air  expelled  from 

various  Subfances , 

S  it  is  fometimes  ufeful  to  know  what 


JL  quantity  of  fixed  air  may  be  expelled 
from  certain  fubftances  in  particular  dates, 
and  alfo  what  proportion  of  other  kinds  of 
air  may  be  mixed  with  it,  I  fhall  mention 
fuch  procefles  of  this  kind  as  I  have  notes 
of.  They  are  fimilar  to  fome  of  thofe  in 
which  air  was  extradted  from  mineral  fub- 
frances. 

The  pureft  calcareous  earth  is  chalk ,  and 
the  mod  perfedt  chalk  is  that  which  is 
called  whiting,  which  is  therefore  ufeful 
in  many  experiments,  fo  that  it  is  worth 
while  to  know  what  air  it  contains.  From 
feven  ounces  of  this  fubftance,  I  got,  in  an 
earthen  retort,  630  ounce  meafures  of  air, 
by  which  it  was  reduced  to  four  ounces. 
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Every  portion  of  the  air  contained  about 
one-third  that  was  not  fixed  air,  the  ftan- 
dard  of  which  was  1.36,  1.38.  Again, 
from  fix  ounces  of  whiting,  I  got  440  ounce 
meafures  of  air,  about  half  of  which  was 
fixed  air,  and  the  remainder  of  the  ftan- 
dard  of  1.4.  The  whiting  was  reduced  to 
three  ounces  and  312  grains. 

In  order  to  try  whether  any  peculiar  kind 
of  air  might  be  procured  from  whiting 
faturated  with  acids,  I  moiftened  fome, 
which  had  been  well  calcined,  with  water 
impregnated  with  vitriolic  acid  air ;  and 
then  by  heat  expelled  from  it  90  ounce 
meafures  of  air,  the  former  part  of  which 
was  more  than  three-fourths  fixed  air,  and 
the  refiduum  of  the  ftandard  of  1.5.  The 
laft  portion  had  lefs  fixed  air  in  it,  and  the 
ftandard  of  the  refiduum  was  1.44.  The 
fubftance  was  rendered  black  and  hard,  but 
in  fpirit  of  fait  it  became  white  and  foft. 

When  quick  lime  is  fuffered  to  fall  in 
the  open  air,  it  firft  attracts  moifture,  and 
then  that  moifture  gives  place  to  fixed  air. 
From  three  ounces  and  a  quarter  of  this 
^  fallen 
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fallen  lime  I  got  375  ounce  meafures  of 
air,  of  which  about  one-fifth  was  fixed  air, 
and  the  ftandard  of  the  refiduuni  was  1 .4. 

From  four  ounces  of  white  lead  I  expelled 
240  ounce  meafures  of  air,  before  the  re¬ 
tort  was  diffolved  by  it.  Of  the  firft  pro¬ 
duce  there  remained  one-third,  not  fixed 
air,  of  the  ftandard  of  1.36  ;  and  towards 
the  laft,  the  refiduum  was  of  the  ftandard  of 
1.28,  when  with  the  common  air  it  was  1.23. 

From  two  ounces  and  three  quarters  of 
wood  ajhes  I  got,  in  a  very  ftrong  heat,  430 
ounce  meafures  of  air,  of  the  firft  portion 
of  which  one-tenth,  of  the  fecond  one- 
third,  and  of  the  third  one-half  was  fixed 
air.  The  refiduum  of  the  fecond  portion 
was  of  the  ftandard  of  1.6,  and  that  of  the 
third  1.7.  It  extinguifhed  a  candle;  fo 
that  the  air  came  properly  from  the  aflies, 
and  not  from  any  remaining  particles  of  the 
charcoal  mixed  with  them.  After  the  pro- 
cefs,  the  afhes  weighed  839  grains.  Being 
expofed  to  the  open  air  one  day,  they 
weighed  842  grains,  and,  perhaps  with 
more  heat  than  before,  yielded  50  ounce 
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meafures  of  air,  of  which  about  an  eight 
was  fixed  air,  and  the  ftandard  of  the;rre- 
fiduum  was  1.38,  and  1.41.  A  candle 
burned  in  it ;  fo  that  it  is  evident  fome 
of  the  dephlogifticated  part  of  the  atmof- 
phere  had  been  imbibed  by  thefe  allies. 
They  then  weighed  789  grains  and  a  half. 

From  three  ounces  of  pit-coal  ajl:cs ,  I  got 
air,  the  ftandard  of  which  was  1.7,  and  ex- 
tinguiflied  a  candle.  I  took  no  note  of  the 
quantity  of  fixed  air,  and  through  an  acci¬ 
dent  in  the  procefs  moft  of  the  air  efcaped. 

Hom berg’s  pyrophorus  is  a  fubftance 
liable  to  be  fpoiled  by  expofure  to  the  air. 
I  prepared  fome  of  it,  with  a  view  to  ob- 
ferve  what  it  imbibed  from  the  air,  and 
with  it  I  made  the  following  experiments. 
It  was  compofed  of  two  parts  burned  alum*, 
one  of  fait  of  tartar,  and  one  of  char¬ 
coal.  About  two  ounce  meafures  of  this 
pyrophorus  I  fuftered  to  burn  in  the  open 
air ;  and  then  in  an  earthen  retort,  I  extract¬ 
ed  from  it  144  ounce  meafures  of  air,  of 
which  one  half  at  the  firft  was  fixed  air, 
but  at  the  laft  very  little.  The  refiduum 

of 
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of  the  firft  portion  extinguifhed  a  candle, 
but  that  of  the  laft  burned  with  a  lambent 
blue  flame.  When  examined  with  nitrous 
air,  both  the  refiduums  were  of  the  ftand- 
ard  of  about  1.8. 

The  pyrophorus  was  then  kept  two  days 
in  the  retort,  with  its  mouth  in  mercury, 
and  then  being  taken  out,  it  prefently  grew 
hot,  and  burned  as  well  as  ever.  Imme¬ 
diately  before  the  burning  it  weighed  428 
grains,  immediately  after  it  449  grains. 
Having  been  fpread  thin,  and  expofed  to  the 
atmofphere,  the  next  morning  it  weighed 
828  grains ;  but  when  well  dried,  it 
weighed  only  486  grains.  It  was  then 
fubjeded  to  a  greater  heat  than  before,  and 
it  yielded  no  ounce  meafur^s  of  air,  the 
firft  portions  of  which  were  half  fixed 
air;  but  the  laft  contained  very  little,  and 
burned  with  a  lambent  blue  flame.  The 
fubftance  then  weighed  396  grains. 

Afterwards  I  took  a  quantity  of  pyro¬ 
phorus,  which  would  not  take  fire  in  the 
open  air,  and  heating  it  in  an  earthen  retort, 
found  five-fevenths  of  the  firft  part  of  the 
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produce  fixed  air  ;  but  this  proportion  gra¬ 
dually  diminifhed,  till  at  laft  nine  tenths 
of  the  whole  was  inflammable  air,  burning 
with  a  lambent  blue  flame.  This  inflam¬ 
mable  air  being  decompofed  with  an  equal 
quantity  of  dephlogifticated  air,  yielded 
0.86  of  a  meafure  of  fixed  air. 

Another  quantity  of  pyrophorus,  which 
had  burned  very  well,  and  which,  during 
the  burning,  and  in  two  days  expofure  to 
the  atmofphere  afterwards,  had  acquired 
132  grains  in  weight,  being  again  expofed 
to  heat,  in  an  earthen  retort,  gave  an  hun¬ 
dred  and  eighty  ounce  meafures  of  air,  of 
which  the  firft  portion  was  three- fevenths 
of  fixed  air,  and  the  reft  phlogifticated.  But 
afterwards  one-half  only  was  fixed  air,  and 
the  reft  inflammable,  burning  wTith  a  lam¬ 
bent  flame,  and  at  laft  it  was  wholly  in¬ 
flammable.  When  this  pyrophorus  was 
cool,  it  took  fire  again  by  expofure  to  the 
open  air,  but  not  without  the  afliftance  of 
fome  external  heat.  It  had  been  red  hot 
through  its  whole  mafs  at  the  firft  burning 
of  it,  and  had  continued  fo  a  conftderable 
3  time, 
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time,  after  which  the  furface  of  it  was 
llightly  covered  with  white  a(hes;  but  all 
the  infide  was  as  black  as  ever  it  had  been* 
From  four  ounces  of  dry  ox  blood  I  got 
1 200  ounce  meafures  of  air,  and  I  conjectur¬ 
ed  that  not  lefs  than  200  ounce  meafures 
efcaped.  It  contained  no  fixed  air.  The  firft 
portion  of  it  burned  with  a  large  lambent 
white  flame,  the  middle  portion  fainter,  and 
the  laft  was  hardly  inflammable  at  all,  but 
had  a  flight  blue  flame.  What  remained  of 
the  blood  weighed  255  grains,  and  was  a 
Very  good  conductor  of  electricity,  which  is 
not  ufually  the  cafe  with  the  charcoal  of 
animal  fubftances. 
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SECTION  XVII. 

Experiments  relating  to  'Dephlogijhcated  Air. 

f^INCE  the  difcovery  of  dephlogifticated 
air,  I  have  been  led  to  form  different 
opinions  concerning  the  conftitution  of  it. 
At  firft  I  thought  itconfifted  of  earth  and 
fpirit  of  nitre,  becaufe,  in  every  procefs 
from  which  I  then  procured  it,  I  ufed 
fome  kind  of  earth,  but  efpecially  the 
metallic  ones,  moiftened  with  fpirit  of 
nitre,  and  there  was  a  lofs  of  the  earth, 
as  well  as  of  the  acid,  in  every  pro¬ 
cefs.  Afterwards  I  was  convinced,  that 
the  earth  was  only  difperfed  in  the  procefs, 
and  therefore  concluded,  that  this  air  was 
merely  nitrous  acid  in  another  form,  with 
the  addition  of  the  principle  of  heat,  or  what¬ 
ever  elfe  might  be  neceffary  to  give  it  the 
form  of  air.  Since  that  time  Mr.  Watt 
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has  led  me  to  think,  that  there  is  no  acid 
whatever  in  dephlogidicated  air,  and  that 
it  confids  of  nothing  more  than  one  of  the 
conftituent  parts  water,  combined  with  the 
element  of  heat}  the  other  condituent  part  of 
water  being  inflammable  air.  In  this  opi¬ 
nion  I  for  the  prefent  acquiefce ;  and  in  this 
fedtion  I  dial!  recite  fome  experiments 
which  favour  this  hypothefis,  as  well  as 
others  of  a  mifcellaneous  nature,  relating  to 
this  fpecies  of  air. 

The  lird  obfervation  that  I  ihall  make 
refpedts  the  production  of  this  air.  At  firft 
I  procured  it  from  precipitate fe,  which 
is  an  expenfive  article  in  chymidry,  and 
then  from  red  precipitate,  which,  when 
carefully  prepared,  fo  as  to  expel  from  it  all 
the  acid,  is  the  very  fame  thing.  I  have 
frequently  obferved  that  an  ounce  of  this 
fubdance  will  yield  60  ounce  meafures  of  the 
pured  dephlogidicated  air ;  and  it  is  fome- 
thing  remarkable,  that  an  ounce  of  turbith 
mineral ,  which  confids  of  mercury  and  the 
vitriolic  acid,  yields  about  the  fame  quan¬ 
tity  of  air,  and  equally  pure. 
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For  a  confiderable  time  I  was  not  able  to 
procure  dephlogifticated  air  by  means  of 
any  other  acid  than  the  nitrous.  But  af¬ 
terwards  I  got  it  by  means  of  the  vitriolic, 
as  in  the  cafe  of  turhith  mineral.  Other 
perfons  have  procured  it  by  means  of  the 
marine  acid,  as  Mr.  Landriani,  who  firff 
fucceeded  in  this  procefs,  and  then  Mr. 
Bertholet.  I  have  now  procured  this 
air  by  means  of  the  acetous  acid,  and  though 
the  fa <£t  is  but  of  little  confequence,  and  the 
experiment  Was  made  with  another  view, 
it  may  not  be  amifs  to  recite  the  particulars 
of  it. 

Having  mixed  half  an  ounce  of  radical 
vinegar  with  two  ounces  of  calcined  whit¬ 
ing,  I  got  from  it,  by  heat,  in  an  earthen 
retort,  350  ounce  meafures  of  air,  of  which 
about  one-third  was  fixed  air,  but  more 
than  this  in  the  firft  portions,  and  lefs  in 
the  laid.  The  ftandard  of  the  refiduum  in 
the  firfi  portions  was  1.66,  in  the  fecond 
1.42,  and  in  the  third  1.38  $  which  was 
very  near  the  purity  of  common  air.  The 
whiting  then  weighed  760  grains.  I  then 
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put  a  quarter  of  an  ounce  more  radical  vi¬ 
negar  to  it,  and  without  taking  any  account 
of  the  quality  of  the  air,  only  obferved  that  I 
got  1  20  ounce  meafures  from  it,  and  that  the 
refiduum  weighed  730  grains.  After  this  I 
put  to  it  a  quarter  of  an  ounce  more  of  the 
fame  acid,  and  got  from  it  140  ounce  mea¬ 
fures  of  air,  of  which  the  iaft  portion  had 
in  it  no  fixed  air,  and  was  confiderably 
better  than  common  air  $  but  of  the  exad: 
flandard  of  it  I  find  no  note.  The  whit^ 
ing  then  weighed  489  grains.  The  air  had 
always  been  very  turbid,  which  accounts 
for  the  continual  lofs  of  weight  in  thefe 
procefies. 

The  cheapeft  method  of  procuring  de- 
phlogifticated  air  in  large  quantities  that  we 
are  yet  acquainted  with,  is  to  extract  it  from 
nitre  by  means  of  heat ;  and  in  general  no 
more  has  been  got  from  an  ounce  of  nitre 
than  about  100  ounce  meafures  of  air.  The 
reafon  of  which  has  been,  that,  in  order  to 
get  it  pure,  glafs  vejfels  have  been  ufed ; 
and  after  a  part  of  the  acid  has  been  ex¬ 
pelled,  the  remaining  alkali  has  diflblved 
*  U  3  *  the 
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the  glafs,  and  the  procefs  has  of  courfe  ter¬ 
minated.  But  by  means  of  Mr.  Wedg¬ 
wood’s  excellent  earthen  retorts,  I  have 
been  able  to  get  fuch  quantities  of  this  air 
from  nitre,  as  to  myfelf,  and  all  my  friends, 
appeared  very  extraordinary ;  and  has  af- 
fifted  Mr.  Watt  in  proving  that  there  is 
no  acid  in  this  fpecies  of  air.  As  only  the 
general  refults  of  thefe  experiments  have 
been  quoted  by  Mr.  Watt,  and  others, 
I  fhall  recite  fome  of  the  particulars  in  this 
place. 

The  firft  time  that  I  got  more  air  than 
ufual  from  nitre  was  in  a  coated  glafs  re¬ 
tort,  when,  from  two  ounces  of  it,  I  got 
300  ounce  meafures  of  air.  But  from 
the  fame  quantity  of  purified  nitre ,  in  one 
of  Mr.  Wedgwood’s  retorts,  I  got  787 
ounce  meafures.  The  air  procured  in  this 
manner  is  never  of  the  pureft  kind ;  and 
the  ftandard  of  this,  from  the  firft  to  the 
laft,  with  two  equal  meafures  of  nitrous 
air,  was  only  1.25.  I  conduced  this  pro¬ 
cefs  fo  that  the  air  was  very  little  turbid, 
and  yet  there  was  fomething  acid  difcovered 

by 
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by  the  fmell  in  every  portion  of  it.  In 
another  procefs  I  got  796  ounce  meafures 
of  air,  and  the  retort  was  diffolved  before 
the  procefs  was  completed.  But  the  largefl 
quantity  that  I  ever  got  from  two  ounces 
of  nitre  was  812  ounce  meafures,  and  this 
was  purer  than  any  I  had  got  before  in  this 
way,  the  ftandard  of  the  greateft  part  of  it 
being  0.95,  though  at  the  very  laft  1.5. 
In  all  cafes  I  have  obferved,  that  the  purer 
the  air  is,  the  greater  is  the  quantity.  For 
it  can  only  be  rendered  impure  by  fome 
phlogiftic  matter  uniting  with  the  pureft 
part  of  it,  and  forming,  in  many  cafes,  a£ 

I  am  inclined  to  think,  phlogilticated  air. 

In  this  experiment  the  lofs  in  the  nitre  was 
53 1  grains.  The  air  would  have  weighed 
fomething  more  than  487  grains,  fo  that 
more  than  one-half  of  the  weight  of  the 
nitre  was  reduced  to  the  form  of  air ;  and 
there  remained  34  grains  for  the  water  of 
crystallization,  &c. 

In  thefe  experiments  it  was  a  matter  of 
fome  confequence  to  determine  whether  any 
acid  remained  in  the  nitre  after  all  the  air 
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was  come  over ;  and  as  the  vitriolic  acid 
has  a  ftronger  affinity  with  the  bafe  of  the 
nitre,  there  appeared  to  be  no  better  me¬ 
thod  of  determining  this,  than  to  put  oil  of 
vitriol  to  it,  and  endeavour  to  make  nitrous 
acid.  Accordingly,  in  the  former  procefles, 

I  had  always  been  able  to  get  nitrous  acid, 
or  nitrous  air,  from  what  remained  of  the 
nitre,  after  the  dephlogifticated  air  was  ex¬ 
pelled  from  it.  Thus  from  what  remained 
of  one  of  the  preceding  procefles,  I  had  got 
nine  ounce  meafures  of  nitrous  air  from  half 
^  an  ounce  of  the  faline  refiduum.  And  as  it 
was  evident  that  the  nitrous  acid  in  this 
nitrous  air  was  much  lefs  than  had  been 
contained  in  the  nitre,  I  had  been  ufed 
to  conclude,  that  the  acid  had  been  con¬ 
verted  into  dephlogifticated  air.  But  I  was 
led  to  fufpedt  this  conclufion,  from  ob- 
ferving  that  the  dephlogifticated  air  had 
nothing  fenftbly  acid  in  it,  not  only  while 
it  exifted  in  the  form  of  air,  but  alfo  when 
decompofed  with  inflammable  air  ;  and  I 
had  always  obferved,  that  every  veflelof  the 
air,  frefh  received  from  the  nitre,  had  a 

pungent 
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pungent  fmell,  which  muft  have  proceeded 
from  fome  volatile  acid  diffufed  through  it ; 
and  alfo  the  water  in  which  the  air  was  re¬ 
ceived  had  acquired  a  flight  acidity,  though 
it  was  of  a  very  volatile  nature. 

To  thefe  circumftances  I  gave  particular 
attention  in  my  future  experiments.  To 
that  which  remained  of  the  laft  mentioned 
experiment,  in  which  I  procured  812  mea- 
fures  of  air  from  two  ounces  of  nitre,  I  put 
oil  of  vitriol  and  water.  But  though  it 
was  expofed  to  heat  till  the  water  was  dis¬ 
tilled  over,  I  did  not  get  half  an  ounce  mea- 
fure  of  air  more  than  the  veflel  contained ; 
and  this  was  dephlogiflicated.  Confe- 
quently,  all  the  nitrous  acid  had  been  ex* 
pel  led  from  this  nitre. 

The  colour  of  the  alkaline  matter  to 
which  the  nitre  was  reduced  in  thefe  earthen 
retorts,  was  a  deep  green,  owing,  perhaps, 
to  fomething  of  the  earth  in  the  retort;  for 
in  a  porcelain  veflel,  I,  at  one  time,  had  it 
perfe&ly  white. 

At  Mr.  Watt's  requeft,  I  endeavoured 
to  afcertain  the  quantity  of  acid  that  was 

expelled 
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expelled  from  nitre,  in  procuring  the  de- 
phlogifticated  air  from  it.  To  do  this,  J 
put  two  ounces  of  purified  nitre  into  a  glafs 
retort,  and  receiving  the  air  in  300  ounce 
meafures  of  water,  only  filled  each  recipient 
half  full,  and  agitated  the  air  very  much 
in  the  water,  in  order  to  make  the  water 
imbibe  as  much  as  poflible  of  the  acid  that 
it  contained.  However,  notwithftanding 
this  agitation,  every  veflel  of  the  air  re¬ 
tained  a  ftrong  fmell  of  the  acid.  The 
moment  the  air  ceafed  to  come,  I  filled  a 
large  phial  with  the  water,  and  carried  it 
to  Mr.  Watt,  who  carefully  examined 
it  ;  and  in  a  paper  which  he  prefented  to 
the  Royal  Society,  and  which  is  publifhed 
in  the  Philofophical  Tranfadtions,  he  has 
given  an  account  of  the  quantity  of  acid 
that  it  contained,  computing  from  the  fpe- 
cimen  that  I  brought  him  the  quantity 
that  was  contained  in  all  the  300  ounce 
meafures  of  water ;  from  which  it  may  be 
fairly  inferred,  that  there  was  no  occafion 
to  fuppofe  that  any  of  the  acid  entered  into 
the  compofition  of  the  air,  but  that  it  was 

all 
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all  either  rendered  volatile,  or  retained  in 
the  water. 

I  afterwards  examined  a  portion  of  this 
water,  by  expelling  air  from  it,  and  did  not 
find  it  to  contain  more  air  than  water  gene¬ 
rally  does,  but  what  I  did  get  from  it  was 
confiderably  phlogifticatcd. 


SECTION  XVIII 


Of  the  con jiituent  Principles  of  Nitrous  Air . 

HERE  is  no  kind  of  air,  the  confti- 
tuent  principles  of  which  feemed  to 
be  more  clearly  afcertained  than  thofe  of 
nitrous  air,  by  thofe  philofophers  who  ad¬ 
mitted  the  dodtrine  of  phlogifton.  We 
took  it  for  granted,  that  it  confifted  of  ni¬ 
trous  acid  and  phlogifton.  In  an  early  pe¬ 
riod  of  my  experiments  I  endeavoured  to 
afcertain  the  quantity  of  acid  contained  in 
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it,  Mr.  Kirwan  has  done  the  fame,  and 
Mr.  Cavendish  alfo  has  confidered  it  as 
containing  a  very  concentrated  nitrous  acid. 
|  had  no  doubt  on  the  fubjedt  till  I  read  the 
work  of  Mr.  Metherie,  who  aflerts  that  ni¬ 
trous  air  contains  no  proper  nitrous  acid,  but 
only  one  of  the  elements  of  it,  the  other  being 
dephlogifticated  air,  which  had  before  been 
confidered  by  Mr.  Lavoisier  as  the  prin¬ 
ciple  of  all  acidity . 

Among  other  obfervations  in  fupport  of  his 
affertion  Mr.  Metherie  has  the  following, 
Nitrous  air  burned  togetherwith  inflammable 
air,  produces  no  nitrous  acid,  p.  1 45.  Though 
nitrous  air  is  obtained  from  a  folution  of 
mercury  in  nitrous  acid,  almoft  all  the  acid 
is  found  in  the  folution,  p.  146.  Nitrous 
air  abforbed  by  marine  acid,  does  not  make 
aqua  regia,  p.  153.  He  is  of  opinion  that 
a  fmall  portion  of  the  nitrous  acid  being  de- 
compofed,  furnifhes  a  pure  air,  fo  altered 
that,  uniting  with  inflammable  air,  it 
es  it  into  nitrous  air,  p.  150. 

As  to  this  hypothecs  of  Mr.  Metherie, 
I  cannot  fay  that  I  well  underftand  it  j  but, 
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being  ftruck  with  his  obfervaiions ,  I  began 

to  review  the  experiments  which  I  had  for¬ 
merly  made  on  this  kind  of  air,  and  could 
not  recoiled:  any  of  them  in  which  it  ap¬ 
peared  that  real  nitrous  acid  was  produced, 
except  when  nitrous  air  was  combined  with 
dephlogidicated  air,  befides  the  experiment 
in  which  it  was  decompofed  by  the  eledric 
fpark,  which  furnifhes  a  drong  objedion  to 
this  hypothecs.  In  every  other  view  Mr. 
Metherif/s  theory  appeared  to  me  not  im¬ 
probable,  and  led  me  to  make  the  following 
experiments,  which  though  not  decifively  in 
favour  of  it,  may  deferve  conli deration. 
They  will  at  lead:  fhew  that,  if  there  be  all 
the  elements  of  nitrous  acid  in  nitrous  air, 
they  mud  together  with  an  additional  por¬ 
tion  of  phlogidon  ex  id  in  the  phlogidicated 
air  that  is  formed  in  the  proceffes. 

When  nitrous  air  is  decompofed  by  iron, 
or  by  a  mixture  of  iron  and  fulphur,  I  have 
9bferved  that  the  wrater  over  which  the  pro- 
cefs  is  made,  acquires  no  acidity  by  it ;  but 
I  had  fuppofed  that  all  the  acid  had  been 
feized  by  the  iron.  Having  by  me  a  con- 
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fiderable  quantity  of  this  iron  which  had 
been  reduced  to  a  perfect  ruft  in  nitrous  air, 
and  which  I  knew  muft  have  imbibed  more 
than  its  weight  of  this  air,  I  thought  that 
I  might  get  the  acid  out  of  it  by  diftillation, 
if  it  contained  any.  But  a  quantity  of  this 
ruft  of  iron,  carefully  diftilled  in  an  earthen 
retort,  yielded  neither  nitrous  air,  nor  nitrous 
acid,  at  leaft  in  any  quantity  that  could 
favour  the  common  hypothecs.  For  befides 
the  air  (of  which  an  account  will  be  given 
in  its  proper  place)  fome  ounces  of  this  ruft 
yielded  only  a  few  drops  of  liquor,  which 
was  not  fenfibly  acid  to  the  tafte,  and  when 
poured  into  a  little  water,  tinged  blue  with 
the  juice  of  turnfole  barely  turned  it  red. 
But  fo  flight  a  degree  of  acidity  as  this  might 
have  come  (and  I  have  no  doubt  but  did 
come)  from  the  union  of  nitrous  air  with 
thofe  bubbles  of  common  air  which  could 
not  be  excluded  from  the  vefiels  containing 
the  iron,  in  the  many  times  in  which  I 
changed  the  air,  when  I  fupplied  them  from 
time  to  time  with  frefli  nitrous  air  ;  fo  that 
the  great  mafs  of  nitrous  acid  which  ought 
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to  have  been  depofited  in  this  iron  muit 
have  been  concealed  in  the  phlogiflicated  air, 
which  is  generally  about  one  fourth  of  the 
original  quantity  of  nitrous  air.  This  brown 
ruft  (become  fo  by  expofure  to  the  air,  which 
it  imbibes)  became  black  by  the  expullion 
of  its  air  and  water,  and  exactly  refembled 
that  iron  ore  which  is  found  in  the  form 
of  a  black  fand. 

I  then  endeavoured  to  decompofe  nitrous 
air  by  heating  iron  in  it  with  a  burning 
lens  ;  and  in  this  procefs,  I  fucceeded  much 
beyond  my  expectation.  For  the  air  was  pre- 
fently  diminiihed  in  quantity,  while  the  iron 
became  of  a  darker  colour,  wzs  fo  me  times 
melted  into  balls,  and  gained  considerable 
weight.  It  had  no  appearance,  however,  of 
containing  any  nitrous  acid,  and  yet  water 
tinged  with  the  juice  of  turnfole  introduced 
into  the  velfel,  and  agitated  in  it  after  the 
procefs,  never  changed  its  colour. 

In  the  firft  experiment  the  original  quan¬ 
tity  of  nitrous  air  was  diminished  to  about 
one  third,  and  after  this  it  was  increafed.  But 
then  I  found  that  when  I  had  got  to  the 
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extreme  of  diminution*  there  began  to  bfc’ 
an  addition  made  of  inflammable  air  from 
the  iron  ;  for  this  was  evidently  fo.  It  was 
alfo  obfervable  that  there  was  either  fome 
pure  air,  or  dephlogifticated  nitrous  air,  in 
what  remained  of  this  proccfs.  For  when 
a  meafure  of  this  refiduum  was  mixed  with 
an  equal  meafure  of  common  nitrous  air,  they 
were  reduced  to  1.7.  I  fufpeft,  however* 
that  this  was  owing  to  a  quantity  of  dephlo¬ 
gifticated  nitrous  air  being  formed  by  this 
procefs,  as  it  is  fimilar  to  the  rufting  of  iron 
in  nitrous  air. 

In  another  procefs  of  this  kind,  I  reduced 
fix  ounce  meafures  of  this  air  to  three,  and 
this  was  wholly  phlogifticated  air,  extin- 
guifhing  a  candle.  I  alfo  heated  iron  in 
feven  ounce  meafures  and  a  half  of  nitrous 
air,  till  it  was  reduced  to  3.7  meafures,  when 
it  appeared  to  be  perfectly  phlogifticated 
air.  The  iron  had  then  gained  2}  grains 
in  weight,  and  at  this  time  I  obferved  that 
there  was  not  the  leaft  appearane  of  moijiure 
produced  in  the  courfe  of  the  experiment. 
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Then  recolledting  that,  in  my  former  ex¬ 
periments,  Romberg’s  pyrophorus  had  ta¬ 
ken  fire  in  nitrous  air,  I  made  a  quantity  of 
this  fubftance,  and  repeated  the  experiment 
with  the  greatest  care.  But  when  nitrous  air 

was  decompoied  by  this  means,  I  faw  no  rea- 

* 

fon  to  think  that  any  nitrous  acid  had  been 
formed.  In  this  procefs  the  nitrous  air  is 
readily  diminifhed  to  about  one-half  of  its 
bulk,  after  which  nothing  nitrous  is  found  in 
it,  but  a  portion  of  dephlogifticated  nitrous 
air;  as  appears  by  its  being  much  more  readily 
abforbed  by  agitation  in  water  than  nitrous 
air  is.  But  neither  the  air,  nor  any  thing 
that  can  be  expelled  from  the  pyrophorus, 
difeovers  any  fign  of  containing  nitrous 
!  acid. 

Having  faturated  a  quantity  of  pyropho¬ 
rus  with  nitrous  air  in  an  earthen  tube, 
which  by  this  means  became  very  hot,  I 
admitted  water  to  it ;  and  diftilling  the  py¬ 
rophorus  with  this  water,  the  liquor  that 
came  from  it  would  not  change  the  co¬ 
lour  of  the  juice  of  turnfole ;  and  the  air 
which  came  afterwards  was  of  the  fame 
Vo l.  III.  X  kind 
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kind  with  that  which  is  always  expelled 
from  pyrophorus  after  it  has  been  burned  in 
the  open  air,  viz.  partly  fixed  air,  and  partly 
inflammable. 

I  fhall  juft  mention  Tome  farther  particu¬ 
lars  of  another  experiment  of  this  kind, 
though  it  was  made  long  before  I  had  the 
views  which  led  to  thefe  now  mentioned. 
Having  faturated  about  two  ounce  meafures 
of  Hom berg’s  pyrophorus  with  nitrous  air, 
I  obferved  that  it  had  imbibed  about  four 
times  its  bulk  of  the  air.  This  pyrophorus 
was  of  a  kind  that  did  not  burn  readily  in 
the  nitrous  air,  or  I  believe  in  common  air, 
without  external  warmth.  Having  with¬ 
drawn  it  from  the  nitrous  air,  it  took  fire 
again,  but  with  more  external  heat.  Then 
putting  it  into  an  earthen  retort,  I  expelled 
from  it  ninety  ounce  meafures  of  air,  a  very 
fmall  proportion  of  which  was  fixed  air. 
The  former  portions  of  it  extinguifhed  a 
candle,  and  were  of  the  ftandard  of  i  .7,  and 
the  latter  of  1 .55,  burning  with  a  lambent 
blue  flame.  Three  days  after  this,  being 
taken  out  of  the  retort  (the  mouth  of  which 

had 
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had  been  all  the  time  immerfed  in  mercury) 
a  fmall  part  of  it  took  fire.  I  obferved  it 
then  weighed  416  grains,  and  the  next  morn¬ 
ing  it  weighed  438  grains. 

There  is  fomething  very  remarkable  in 
this  fubflance  burning  equally  well  in  two 
fuch  very  different  kinds  of  air  as  nitrous 
and  dephlogifticated.  It  fhould  feem  from 
this  circumflance,  that  there  mufl  be  fome 
common  principle  in  the  conilitution  of 
them  both  ;  though  from  their  fo  readily 
uniting  together,  they  feem  to  be  things 
as  different  from  each  other  as  acid  and 
alkali.  This  well  deferves  a  careful  invef- 
tigation. 

In  my  former  experiments  I  found  that 
the  juice  of  turnfole  became  red  by  being 
impregnated  with  nitrous  air.  I  found, 
however,  that  this  mufl  have  been  owing  to 
fome  extraneous  acid  that  was  mixed  with 
it.  For  when  I  took  nitrous  air  that  had 
flood  long  in  water,  and  transferred  it  into 
a  veffel  of  mercury,  I  impregnated  with  it 
water  tinged  with  the  juice  of  turnfole  with¬ 
out  producing  any  change  in  its  colour. 

X  2  I  have 
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1  have  alio  obferved  that  alkaline  air  ad¬ 
mitted  to  nitrous  air,  made  a  whitifh  cloud 
in  it.  But  this  muft  have  been  owing  to 
the  fame  caufe ;  the  nitrous  air  in  that 
experiment  having  been  probably  fre£h 
made.  For  in  the  nitrous  air  which  had 
been  long  confined  by  water,  the  mix¬ 
ture  of  alkaline  air,  did  not  produce  the 
leaft  cloud.  I  perceived,  however,  that  after 
the  two  kinds  of  air  has  been  together  a  day 
or  two,  there  was  a  fmall  quantity  of  a 
very  deeply  tinged  blue  liquor  in  the  fpace 
between  the  mercury  and  the  glafs ;  which 
{hows  that  there  was  copper  diffolved  in  the 
nitrous  air,  and  that  it  continued  there  after 
the  extraneous  acid  was  feparated  from  it. 
On  this  copper  the  volatile  alkali  had  feized. 

Notwithstanding  thefe  refults,  when  the 
eledtric  fpark  was  taken  in  the  very  fame 
nitrous  air,  with  which  the  preceding 
experiments  were  made,  the  juice  of  turn- 
fole  by  which  it  was  confined,  prefently 
became  red.  This  circumftance  deferves 
to  be  examined  wdth  care,  as  it  feems  to 
be  decisively  in  favour  of  the  nitrous  air 

containing 
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containing  all  the  neceflary  elements  of  ni¬ 
trous  acid.  An  account  of  fome  experiments 
of  this  kind  will  be  found  in  the  next  fedtion. 


/ 


SECTION  XIX. 

Of  Nitrous  Air  in  general . 

TH  E  experiments  that  I  have  lately 
made  on  the  fubjedt  of  nitrous  air,  re¬ 
late  chiefly  to  that  modification  of  it  which, 
from  its  property  of  admitting  a  candle  to 
burn  in  it,  I  have  denominated  dephlogifti - 
cated  nitrous  air ;  but  before  I  proceed  to 
thefe,  I  £hall,  in  this  fedtion,  recite  a  few 
others  of  a  mifcellaneous  nature. 

Water  feems  to  be  a  neceflary  ingredient 
in  nitrous  as  well  as  in  inflammable  air,  at 
leaft  without  a  quantity  of  water,  nitrous 
air  cannot  be  formed.  For  example,  cop- 
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per  will  be  diiTolved  in  ftrong  nitrous  acid, 
but  without  producing  any  air,  juft  as  in¬ 
flammable  air  is  not  produced  unlefs  the 
vitriolic  acid  in  which  the  iron  is  diflolved 
be  much  diluted  with  water. 

That  nothing  is  necefiary  to  the  for¬ 
mation  of  nitrous  air  befides  phlogifticated 
nitrous  acid  and  water,  is  evident  from  the 
production  of  it  by  the  impregnation  of 
pure  water  with  phlogifticated  nitrous  va¬ 
pour,  formed  by  the  rapid  folution  of  bif- 
muthj  an  experiment  which  I  have  men¬ 
tioned  before.  However,  to  make  it  in  a 
more  unexceptionable  manner,  I  interpofed 
a  glafs  veflel  between  that  in  which  the  fo¬ 
lution  was  made,  and  that  in  which  the 
water  to  be  impregnated  with  the  phlogifti¬ 
cated  vapour  was  contained ;  that  whatever 
of  the  folution  was  diftilled  over  by  the  heat 
of  the  procefs  (which  evidently  occafipned 
the  dropping  of  a  blue  liquor  from  the  end 
of  the  tube  through  which  the  vapour  was 
delivered)  might  be  prevented  from  reach¬ 
ing  the  water.  In  thefe  circumftances, 

however. 
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however,  when  nothing  but  the  dry  phlo- 
gifticated  vapour  could  enter  the  water, 
it  began  to  fparkle,  and  yield  nitrous  air 
very  copioufly,  as  foon  as  it  had  acquired  a 
blue  tinge  from  the  impregnation.  This  is 
a  very  ftriking  experiment  to  all  perfons 
when  they  have  feen  it  the  firft  time. 

Nitrous  air  is  alfo  produced  by  pour¬ 
ing  a  highly  coloured,  or  phlogifticated, 
nitrous  acid  into  pure  water,  in  which  no 
metal  or  earthy  matter  is  any  way  concern¬ 
ed. 

*  '■  *  4  '  *  '  >  ’  *  *  .  - 

I  have  formerly  obferved,  that  a  folution 

of  green  vitriol  readily  decompofes  nitrous 
air,  and  thereby  becomes  very  black,  but 
that  if  this  black  folution  be  expofed  to  the 
air,  it  kftes  its  colour  again.  Having  im¬ 
pregnated  a  quantity  of  the  folution  in  this 
manner,  I  heated  it  in  a  glafs  phial,  and 
found  that  it  gave  out  half  its  bulk  of  pure 
nitrous  air,  but  when  it  had  loft  its  dark 
colour,  it  gave  no  air  at  all  by  heat. 

I  have  likewife  obferved  how  readily  ni^ 
trous  air  is  diminished  by  taking  theeledtric 
park  in  it.  This  experiment  I  have  fre- 

X  4  quently 
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quently  repeated,  in  order  to  afcertaia  more 
particularly  the  quantity  and  quality  of  the 
refiduum.  In  one  experiment  I  reduced  half 
an  ounce  meafure  of  nitrous  air,  in  lefs  than 
half  an  hour,  to  one  quarter  of  its  bulk; 
but  then  one-fourth  of  it  was  ftill  nitrous, 
and  the  reft  phlogifticated  air.  Receiving 
it  in  lime  water,  there  feemed  to  be  a  flight 
precipitation  ;  but  this  circumftance  will 
perhaps  be  explained  in  the  following  ex¬ 
periment. 

I  took  the  eledtric  fpark  in  a  quantity  of 
nitrous  air  till  there  remained  no  more  than 
one-third  of  it,  and  this  was  completely 
phlogifticated,  not  affedting  common  air  at 
all,  and  extinguifhing  a  candle.  A  white 
matter  was  formed  with  the  mercury  over 
which  the  fpark  was  taken,  which  made  the 
water  admitted  to  it  extremely  turbid. 
At  that  time  I  fuppofed  that  this  white 
fubftance  was  mercurial  nitre,  confifting  of 
nitrous  acid  from  the  decompofed  nitrous 
air  and  mercury.  I  fhall  now  examine  it 
more  particularly.  Why  there  fhould  be 
more  than  one-third  of  this  quantity  of 

nitrous 
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nitrous  air  left  pure  phlogifticated  air, 
and  not  one-fourth,  as  in  the  former  ex¬ 
periment,  I  cannot  tell. 

In  another  procefs  I  took  the  elediric 
fpark  in  a  quantity  of  nitrous  air,  till  it 
could  be  no  more  diminifhed  ;  when  it  was 
in  proportion  to  its  former  bulk,  as  io|>  to 
24.  Letting  it  ftand  all  night  upon  the 
mercury,  it  was  increafed  to  the  proportion 
of  iif  to  24,  feemingly  by  the  acid  uniting 
to  the  mercury,  and  generating  more  nitrous 
air,  fince  it  had  that  fmell.  No  water  ap¬ 
peared  after  the  procefs,  and  the  water  ad¬ 
mitted  to  it  acquired  no  acid  tafte,  but  an 
aftringent  one,  like  water  impregnated  with 
nitrous  air.  There  was  a  white  powder 
formed,  as  in  the  former  experiments. 

Thinking  to  make  water  imbibe  the  acid 
from  the  nitrous  air,  decompofed  in  this 
procefs,  I  took  the  electric  fpark  in  it  with 
a  fmall  quantity  of  water  over  the  mercury. 
But  even  this  water  did  not  acquire  any  acid 
tafte,  but  only  an  aftringent  one. 

It  remains  to  be  afcertained  on  what  prin¬ 
ciples  the  nitrous  air  is  decompofed  in  this 

3  Pr0" 
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procefs.  That  it  is  not  by  means  of  the 
heat  communicated  to  it,  may,  I  think,  be 
inferred  from  an  experiment,  in  which  I 
made  a  quantity  of  nitrous  air  pafs  through 
a  red-hot  tobacco  pipe,  without  producing 
any  change  in  it.  Neither  does  it  feem  to 
be  the  light  of  the  eleCtric  fpark,  fince  I 
have  heated  pieces  of  crucibles  in  nitrous 
air  by  the  fun  beams,  without  making  any 
change  in  it. 

Upon  the  whole,  it  may  be  moft  proba¬ 
ble  that  this  change  depends  upon  phlo- 
gijion ,  as  it  is  fimilar  to  that  which  is  made 
in  nitrous  air  by  the  contact  of  iron,  and 
efpecially  by  heating  iron  in  this  air. 
There  is  this  difference,  however,  in  the 
two  proceffes ;  that  in  that  with  electricity 
the  refiduum  is  wholly  phlogifticated  air, 
and  the  intermediate  ftate  of  dephlogifti- 
cated  nitrous  air  is  not  found.  At  leaft  I 
have  not  obferved  it, 
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T>  EFORE  I  recite  the  experiments  which 
I  have  made  on  this  kind  of  air,  I  fhall 
mention  fome  obfervations  on  the  procefs  by 
which  it  is  procured.  And  the  firlt  thing 
that  I  fhall  obferve  is,  that  water  is  abfo- 
lutely  neceffary  to  this  decompofition  of 
nitrous  air,  when  it  is  effected  by  iron.  I 
had  decompofed  it  before,  either  by  previ- 
oufly  filling  the  vefiels  that  were  to  contain 
the  nitrous  air  with  water ,  or  with  mer¬ 
cury,  though  it  had  always  required  much 
longer  time  when  mercury  was  ufed.  The 
reafon  of  this  difference  I  did  not  then 
know ;  but  I  now  perceive  that  it  was 
owing  to  a  fmall  quantity  of  moijlure  in 
the  vefiel  containing  the  mercury. 


Sufpedting 


3 1 6  Experiments  relating  to 

Sufpedting  the  influence  of  water  in  this 
procefs,  I  procured  a  number  of  very  clean 
fmall  needles,  and  having  made  a  phial,  and 
alfo  a  proper  quantity  of  mercury,  perfectly 
clean  and  dry,  I  put  the  needles  into  the 
phial ;  and  filling  it  up  with  mercury,  in¬ 
troduced  the  nitrous  air.  This  phial  con¬ 
tinued  in  the  fame  ftate  fix  or  eight  months, 
without  the  leaft  fenfible  change  in  the 
fpace  occupied  by  the  air.  I  therefore  con¬ 
cluded  that  no  change  had  taken  place  in 
it,  and  therefore  introduced  a  few  drops  of 
water  ;  after  which  I  perceived,  in  a  day  or 
two,  that  the  air  was  diminifhed,  and  the 
diminution  proceeded  till  about  one-third 
of  the  air  had  difappeared.  In  this  ftate 
the  phial  continued  feveral  months  more; 
when,  obferving  no  farther  change,  I  ex¬ 
amined  it,  and  found  that  a  candle  would 
not  burn  in  it,  which  I  had  expedted  it 
would  have  done  ;  as  I  imagined  there  was 
not  water  fufficient  to  imbibe  that  part  of 
the  air  which  had  enabled  a  candle  to  burn 
in  it;  and  how  this  part  of  the  air  fhould 
difappear,  or  be  converted  into  phlogifti- 

cated 
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cated  air,  without  water,  I  could  not  tell. 
In  another  experiment  the  refult  was  feem- 
ingly  different. 

On  the  26th  of  May,  1782,  I  examined 
a  quantity  of  nitrous  air,  which  had  been 
confined  by  mercury  with  iron  fhavings 
from  the  27th  of  Auguft  preceding,  when 
I  found  one-half  of  it  abforbed,  and  a 
candle  burned  in  the  remainder  better  than 
in  common  air,  though  a  moufe  died  in  it; 
and  yet  this  air  had  remained  feveral  months 
in  the  fame  ftate,  with  refpedt  to  quantity, 
in  which  it  was  when  I  examined  it;  fo 
that  I  concluded  it  would  never  have  ex- 
tinguifhed  a  candle,  in  confequence  of  any 
longer  continuance  in  that  ftate.  In  this 
cafe,  however,  there  was  no  fenfible  quan¬ 
tity  of  water  at  all ;  whereas  in  the  other 
there  were  a  few  drops.  Water,  therefore, 
may  contribute  to  this  change  in  the  air, 
independently  of  its  abforbing  any  part  of  it. 
When  I  agitated  this  air  in  water,  fome- 
thing  more  than  one-half  was  abforbed, 
and  the  remainder  extinguifhed  a  candle. 

But, 


3 1 8  Experiments  relating  to 

But,  perhaps,  the  more  probable  infer¬ 
ence  from  this  experiment  may  be  that,  in 
time,  all  the  dephlogifticated  nitrous  air  is 
imbibed  by  the  iron,  fo  that  nothing  belides 
the  phlogifticated  air  will  be  left  in  the 
veffel ;  though  there  was  no  appearance  of 
this  being  the  cafe  in  the  experiment  with 
the  needles ;  as  the  air  did  not  continue  to 
diminifh  longer  than  ufual,  and  there  re¬ 
mained  two-thirds  of  the  original  quantity 
of  phlogifticated  air.  This,  therefore,  rather 
looks  like  a  change  of  the  dephlogifticated 
nitrous  air  into  phlogifticated  air,  by  the 
addition  of  phlogifton  from  the  iron. 

Another  experiment  1  made  with  a  view 
to  afcertain  the  degree  of  diminution  at 
which  the  nitrous  air  begins  to  be  decom- 
pofed.  On  the  14th  of  May,  I  put  twenty- 
four  ounce  meafures  of  nitrous  air  into  a 
quart  bottle,  previoufly  filled  with  pieces 
of  iron,  that  had  before  been  rufted  in  this 
procefs.  On  the  1 8th  there  were  only 
feventeen  ounce  meafures  of  air,  and  it  was 
not  at  all  changed  ;  on  the  21ft  there  were 
thirteen  ounce  meafures,  and  on  the  31ft 

four 
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four  ounce  meafures,  of  which  half  was  then 
ab  for  bed  bv  water,  and  the  remainder  was 
phlogifticated  air.  This  was  the  greateft 
diminution  that  I  remember  to  have  ob- 
ferved  in  this  procefs.  But  having  ne¬ 
glected  it  from  the  2 1  ft  to  the  3 1  ff,  I  did  not 
find  the  time  at  which  the  decompofition 
firft  took  place ;  but  in  general  I  believe  it 
is  when  about  one-fourth  of  the  quantity 
is  remaining,  and  that  the  change  takes 
place  pretty  fuddenly,  for  I  do  not  remem¬ 
ber  ever  to  have  found  it  in  a  middle  flate. 

Having  a  quantity  of  iron  that  was  re¬ 
duced  to  a  perfeCl  rujl  in  thefe  precedes, 
I  had  the  curiofity  to  heat  it  in  an  earthen 
crucible,  in  order  to  examine  the  air  that 
might  be  expelled  from  it,  and  the  refult 
was  as  follows.  From  ten  ounces  of  this 
ruft,  I  got  about  180  ounce  meafures  of  air, 
mixed  at  firfl  with  much  fleam.  The  firft 
fixty  ounce  meafures  were  chiefly  fixed  air, 
with  a  phlogifticated  refiduum,  of  the  ftan- 
dard  of  1.7.  The  remainder  came  much 
more  llowly,  requiring  about  four  hours 
continuance  of  heat.  This  contained  no 
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mixture  of  fixed  air,  and  was  fo  pure,  that 
a  candle  burned  in  it  pretty  well,  being  of 
the  ftandard  of  1.32.  The  matter  was  re¬ 
duced  to  one  mafs,  like  iron,  ftrongly  at¬ 
tached  by  the  magnet.  But,  indeed,  the 
ruft  itfelf  had  been  fo  before  the  procefs. 

It  feems  probable,  that  the  dephlogifti- 
cated  nitrous  vapour  is  contained  in  this 
ruft,  and  that  with  the  addition  of  the  prin¬ 
ciple  of  heat  it  becomes  proper  dephlogifti- 
cated  air. 

In  order  to  compare  this  kind  of  ruft  of 
iron  with  that  which  is  formed  by  expofure 
to  the  atmolphere,  I  took  four  ounces  of 
the  latter ;  and,  by  the  fame  treatment,  got 
from  it  180  ounce  meafures  of  air,  about 
one-half  of  which  was  fixed  air,  with  a 
refiduum  of  the  ftandard  of  1.75  but  the 
bulk  of  it  was  inflammable,  burning  with  a 
lambent  blue  flame. 

Dephlogifticated  nitrous  air  is  the  term 
by  which  I  firft  diftinguifhed  this  fpecies 
of  air,  becaufe  it  admitted  a  candle  to  burn 
in  it  (as  I  had  called  that  air  phlogijiicated in 
which  a  candle  would  not  burn,  and  that 
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dephlogijltc cited  in  which  it  burns  bett,er 
than  in  common  air,  which  is  alfo  the  cafe 
with  that  fpecies  of  air  of  which  I  am  now 
treating)  and  I  now  think  I  fee  more  reafon 
to  approve  of  the  appellation.  Though  this 
air  agrees  with  dephlogifticated  air  in  ad¬ 
mitting  a  candle  to  burn  in  it,  and  fome- 
times  with  peculiar  brilliancy,  it  is  as  fatal 
to  animals  as  the  mo  ft  perfectly  phlogifti- 
cated  air.  As  an  attention  to  the  other  dif¬ 
ferent  properties  of  thefe  two  kinds  of  air, 
which  agree  fo  remarkably  in  one  circum- 
ftance,  may  be  a  means  of  throwing  fome 
farther  light  on  the  nature  of  combujlion  and 
re/piration ,  I  fhall  proceed  to  recite  the  fadts 
which  I  have  lately  obferved  relating  to  it, 

I  have  formerly  produced  this  dephlo- 
gifticated  nitrous  air  by  the  contadt  of  ni¬ 
trous  air  with  iron,  and  I  have  not  yet  com¬ 
pleted  my  obfervations  on  this  particular 
procefs,  fo  as  to  have  afcertained  the  quan¬ 
tity  of  nitrous  air  that  a  given  quantity  of 
iron  can  decompofe,  the  quantity  of  iron 
that  a  given  quantity  of  nitrous  air  can  de- 
ftroy,  &c.  As  yet  I  have  feen  no  iron  fb 
•  Vol,  III.  Y  far 
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far  affedted  by  this  procefs,  though  it  is  in 
a  ftate  that  eafily  crumbles  to  powder,  as 
not  to  be  able  to  decompofe  more  nitrous 
air,  and  almoft  as  readily  as  frefh  iron. 

I  fhall  juft  mention  one  experiment  in 
which  this  rufted  iron,  and  frefh  iron,  were 
made  ufe  of.  The  nitrous  air  had  been  put 
to  each  of  them  on  the  27th  of  Auguft,  and 
they  were  both  examined  on  the  1 8th  of 
October;  when,  in  both  cafes,  the  air  was 
found  to  be  diminifhed  to  about  one  third, 
and  a  candle  burned  with  equal  brilliancy  in 
both.  Water  then  abforbed  about  one  half 
of  each  of  them,  and  the  remainder  extin- 
guiftied  a  candle.  Neither  of  them  had  in 
the  fmalleft  degree  the  property  of  frefh 
nitrous  air. 

This  may  ferve  as  a  recapitulation  of  my 
former  obfervations  on  this  fubjedV,  and  at 
the  fame  time  ferve  to  fhew  the  proper  ge¬ 
neration  of  phlogifticated  air  from  nitrous 
air  and  phlogifton,  agreeably  to  that  moft 
valuable  dilcovery  of  Mr.  Cavendish,  who 
has  actually  produced  nitrous  acid  from 
phlogifticated  air.  Here  we  fee  that  nearly 
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one  fourth  part  of  any  quantity  of  nitrous 
air  may  be  converted  into  phlogifticated  air  ; 
andas  the  nitrous  acid  vapour  unites-with  the 
iron,  it  is  probable  that  all  the  phlogifton  in 
the  nitrous  air,  and  perhaps  alfo  a  part  of  that 
which  belonged  to  the  iron  itfelf,  may  be 
employed  in  the  formation  of  phlogifticated 
air.  For  ft  nee  fome  pure  air  is  expelled 
by  heat  from  the  iron  that  has  been  u fed  in 
this  procefs,  it  is  poffible  that  it  had  been 
deprived  of  fome  of  its  phlogifton.  But 
more  data ,  may  be  wanted  to  determine, 
from  this  procefs,  the  proportion  of  phlo¬ 
gifton  in  phlogifticated  air. 

This  procefs  for  procuring  dephlogifti- 
cated  nitrous  air  requiring  much  time,  I 
have  of  late  had  recourfe  to  another,  which 
has  been  to  diffolve  turnings  of  iron  in  a 
dilute  folution  of  copper  in  the  nitrous  acid 
(the  fame  that  remains  from  making  nitrous 
air)  mixing  with  it  again  about  an  equal 
quantity  of  water.  'Without  this  precau¬ 
tion,  though  the  iron  will  at  firft  be  adted 
upon  very  flowly,  yet  the  mixture  will  at 
length  grow  fo  hot*  as  a&ually  to.  bpil,  and 
.  Y  2  the 


324  Experiments  relating  to 

the  procefs  will  be  exceedingly  troublefome. 
It  will  be  neceftary,  however,  previoufly  to 
heat  the  folution  of  copper,  in  order  to 
expel  from  it  all  fuperfluous  nitrous  acid, 
though  the  keeping  in  it  pieces  of  copper 
might  anfvver  the  fame  purpofe.  Without 
one  or  other  of  *  thefe  precautions,  part  of 
the  air  procured  by  diflolving  iron  in  it  will 
be  proper  nitrous  air ;  but  with  this  pre¬ 
caution  the  whole  of  it  will  be  fuch  as  ni¬ 
trous  air  is  reduced  to  by  expofing  com¬ 
mon  nitrous  air  to  iron,  that  is,  one  third  of 
it  will  generally  be  abforbed  by  water*  and 
the  remainder  will  be  proper  phlogifticated 
air.  And  having  this  mixture  of  dephlo- 
gifticated  nitrous  air  and  phlogifticated 
air,  the  former  will  be  procured  pure  by 
agitating  the  mixture  in  water,  which  will 
imbibe  it,  and  leave  the  phlogifticated  part 
unabforbed. 

A  given  quantity  of  water,  I  find,  will 
take  ud  about  one  half  of  its  bulk  of  this 

^  T 

dephlogifticated  nitrous  air ;  and  it  does  it 
almoft  as  readily  as  water  imbibes  fixed  air* 

The  water  thus  faturated  with  the* air  muft 

-d*  sc  X  *  be 


Dep/jl ogiftic cited  Nitrous  Air .  ;  j2  j 

be  heated,  and  then  the  dephlogifticated 
nitrous  air  will  be  expelled  pure,  and  may 
be  received  in  veflels  containing  mercury. 
I  obferved,  however,  that  as  this  kind  of 
air  much  refembles  fixed  air,  in  its  proper¬ 
ties  of  being  imbibed  by  water,  and  being 
expelled  from  it  again  by  heat,  it  does  fo 
alfo  in  this,  farther  property,  that  all  the  air 
which  has  been  a&ually  incorporated  with 
the  water  will  not  be  imbibed  by  water 
again.  '  But  the  proportion  of  this  part  is 
much  greater  in  this  kind  of  air  than  in 
fixed  air.  For  in  this  cafe  I  have  found  it 

i 

to  be  as  i  to  io  ;  whereas  in  fixed  air  it  is  as 
about  1  to  30,  01*40.  This  refiduum  being 
examined,  was  found  to  be  air  partially  phlo- 
gifticated,  the  ftandard  of  it  being  about  1.4, 
fo  that  a  candle  will  juft  burn  in  it;  but 
the  quality  of  this  refiduum  is  not  always  the 
fame.  The  refiduum  of  fixed  air  is  generally 
much  purer,  viz.  of  the  ftandard  of  1.0. 

I  obferved,  that  when  water  fully  im¬ 
pregnated  with  this  dephlogifticated  nitrous 
air  is  expofed  to  the  atmofphere,  it  very  foon 
; ‘  Y  3  parts 
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parts  with*  it,  much  fooner  than  water  im¬ 
pregnated*  with  fixed  air. 

I  mixed  dephlogifticated  nitrous  air  with 

•  V  •  » 

all  the  other  kinds  of  air  that  I  have  made, 
*but  it  did  not  Unite  with  any  of  them  ;<  and 
no  fenfible  change  was -made  in  it  by  any  of 
them,  or  by  any  of  them  in  it(;  except  that 
dephlogifticated  air  was  inj  u red,: 'being  re¬ 
duced  from  the  ftandard  of  0.3  to^o.8.  But 
this  was,  no  doubt,  by  the  addition  of  that 
part  of  this  air  which  is  not  mifcible:with 
water,  and  is  confiderably  phlogifticated; 

In  this  pure  kind  of  dephlogifticated  ni¬ 
trous  air  a  candle  burned  better  than  in 
common  air,  but  not  fo  well  as  I  have  fre¬ 
quently  known  it  to  do,  as  it  is  originally 
produced  mixed  with  phlogifticated  air  ; 
which  feems  to  fhew  that  fome  change  is 
rbade  in  it  by  being  incorporated  with  wa¬ 
ter.  When  it  was  mixed  with  inflammable 
air,  they  were  exploded  together  with  vio¬ 
lence,  very  much  like  a  mixture  of  inflam¬ 
mable  and  dephlogifticated  air;  but  a  moufe 
died  in  it  as  quickly  as  in  fixed  ain 

,  ti  i 
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It  was  natural  to  fufpe£t?  that  there  might 
be  fomething  acid  in  this  air.  But  though  it 
was  readily  abforbed  by  water  tinged  blue 
with  the  juice  of  turnfole,  it  made  no  change 
in  its  colour.-  Neither  was  there  any  thing 
alkaline  in  it.  For  when  the  flighted:  tinge 
of  red  was  given  to  this  liquor  by  an  acid, 
the  blue  colour  was  never  in  the  lea  ft  de¬ 
gree  reftored  by  its  impregnation  with  this 
kind  of  air. 

The  fame  thing  may  indeed  be  inferred 
from  its  not  incorporating  with  either  acid 
or  alkaline  air.  In  the  experiment  with 
the  latter  it  appeared  that  this  dephlo- 
gifticated  nitrous  air  is  lighter  than  com¬ 
mon  air.  For  mixing  it  with  alkaline 
air,  and  then  putting  acid  air  to  it,  the 
white  cloud  formed  by  their  union  was 
almoft  wholly  in  the  lower  part  of  the 
veffeL  But  it  is  not  fo  much  lighter  as 
inflammable  air  is  found  to  be  by  the  fame 
experiment.  For  in  this  cafe  the  white 
cloud  never  reaches  the  top  of  the  vef- 
fel  \  where  the  inflammable  air  appears  to 

y4  -remain 


$2$  Experiments  relating  to 

remain,  intirely  unmixed  with  the  alka¬ 
line  air. 

Thinking  that,  though  dephlogiflicated 
air  ready  formed  might  not  affeCl,  or  be 
affe&ed  by  dephlogiflicated  nitrous  air,  it 
poffibly  might  in  its  firfl  formation  to 
try  this,  I  revived  mercury  from  red  preci¬ 
pitate  in  this  air.  But  the  operation  pro¬ 
ceeded  juft  as  it  would  have  done  in  vacuo, 
the  mercury  being  revived  very  readily,  and 
dephlogiflicated  air  produced,  without  affect¬ 
ing,  or  being  affeCted  by,  the  dephlogifli¬ 
cated  nitrous  air. 

No  lefs  remarkable  was  the  refult  of 
heating  malleable  iron  in  this  air.  For  the 
bulk  of  the  air  was  increafed,  and  yet  after¬ 
wards  no  part  of  it  was  imbibed  by  water. 
It  was  all  phlogiflicated  air,  without  any 
mixture  of  fixed  air.  It  feems,  therefore, 
as  if  this  kind  of  air  wanted  nothing  but 
phlogiflon  to  make  it  phlogiflicated  air, 
and  nothing  but  the  principle  of  heat ,  to 
make  it  dephlogiflicated  air. 


This 


Dephlogijlic cited  Nitrous  Air .  329 

This  experiment  happening  to  draw  my 
particular  attention,  I  repeated  it  very  often, 
and  always  had  the  fame  refult,  though  with 
variations,  depending  on  the  quantity  of  the 
air,  and  the  heat  I  was  able  to  apply.  If 
this  was  fufficient  to  melt  the  bits  of 
iron,  the  effed:  was  produced  very  quickly. 
As  the  particulars  may  be  of  ufe  to  fu¬ 
ture  experimenters,  I  fhall  recite  fume  of 
them. 

Of  three  ounce  meafures  and  a  half  of 
dephlogifticated  nitrous  air,  two  ounce  mea¬ 
fures  remained  unabforbed  by  water  after 
heating  malleable  iron  in  it.  During  the 
procefs,  the  veffel  had  been  full  of  whitifh 
fumes.  Yv^hat  remained  of  the  air  was  of 
the  ftandard  of  1.7,  and  extinguiihed  a 
candle. 

Throwing  the  focus  of  the  lens  about 
five  minutes  upon  fome  filings  of  iron  in 
this  kind  of  air,  the  quantity  was  increafed 
one  tenth.  Afterwards  water  abforbed  about 
one  fixth  of  it,  and  the  remainder  extin- 
quilhed  a  candle,  being  of  the  ftandard  of 
1.8. 


I  repeated 
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I  repeated  the  experiment  with  caft  iron 
turnings,  and  had  the  fame  refult.  About 
one  fifth  was  added  to  the  quantity,  water 
abforbed  about  the  fame  proportion  of  it, 
and  the  remainder  was  of  the  ftandard  of 
1.85,  Some  little  common  air  may  be  fup- 
pofed-  to  have  been  introduced  into  the  vef- 

JL  * 

fel  along  with  the  turnings  or  {havings  of 
iron,  by^  this  could  not  be  much  ;  and  in 
all  thefe  experiments  the  addition  produced 
in  the  procefs  was  a  very  fmall  part  of  what 
remained  unabforbed  by  water ;  fo  that  there 
can  be  no  doubt  but  that  this  operation 
produces  a  real  change  in  the  quality  of 
the  air,  rendering  it  almoft  wholly  phlo- 
gifticated. 

In  order  to  produce  this  effect,  the  heat 
muft  be  very  confiderable,  or  the  pieces  of 
iron  very  fmall,  fo  that  they  muft  at  leaft 
be  red  hot.  For  when  I  ufed  whole  caft  iron 
nails,  on  which  I  fuppofe  the  heat  of  my 
lens  could  not  make  fufficient  imprpffion,  the 
effect  of  applying  it  an  hour  and  a  half,  and 
with  a  very  good  fun,  was  very  inconfiderable; 
the  proportion  of  that  part  of  the  air  which 

was 
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was  immifcible' with  water  being  only  in- 
-creafed  in  the  proportion  of  50  to  27. 

But  the  circumftance  to  which  I  hap¬ 
pened  to  give  the  greateft  attention  with 
refpedt  to  this  kind  of  air,  in  the  courfe  of 
the  left  ftimmer,  was,  the  change  that  is  made 
in  it  by  heat ,  ox  light.  For  fuch  muft  be 
the  agents,  when  bits  of  clean  crucibles,  or 
retorts,  are  heated  by  a  burning  lens  in  any 
kind  of  air.  r  The  confequence  of  this  pro- 
cefs  always  was  both  an  increafe  of  that 
part  of  the  air  which  will  not  unite  with 
water,  and  alfo  rendering  it  purer  than 
before,  approaching  nearer  to  the  ftate  of 
atmofpherical  air ;  exactly  like  the  refult 
of  taking  the  eledlric  fpark  in  fixed  air.  I 
frequently  flopped  in  the  middle  of  this 
procefs,  and  always  found  thefe  effedls  to 
be  more  confiderable  the  longer  I  continued 
it.  I  fhall  give  the  particulars  of  thofe 
experiments  only,  on  which  I  place  the 
greateft  dependence. 

Having  impregnated  a  quantity  of  boiled 
water  with  dephlogifticated  nitrous  air,  I 
found  that  the  air  expelled  from  it  was 

again 
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again  abforbed  by  water,  in  the  proportion 
of  0.7  to  10. 1,  and  the  ftandard  of  this  re- 
fiduum  was  1.7.  I  then  heated  in  it  pieces 
of  crucibles  which  had  been  juft  before  made 
red-  hot,  introducing  them  into  the  air  by 
means  of  a  forceps ;  and  after  heating  them 
an  hour  and  a  half,  in  a  very  hot  fun,  found 
that  a  portion  of  the  air  was  then  unabforbed 
by  water  in  the  proportion  of  4  to  7,  and 
the  ftandard  of  the  refiduum  was  1.55.  I 
refumed  the  experiment  with  what  remained 
of  the  air,  and  continued  it  half  an  hour 
longer,  when  the  proportion  of  the  part  that 
was  not  abforbed  by  water,  was  to  the  other 
as  26  to  40,  and  the  ftandard  of  this  refi¬ 
duum  was  1.45.  No  moifture  ever  ap¬ 
peared  in  the  infide  of  the  vefiel,  and  there 
was  no  fenfible  change  in  the  quantity  of 
the  air. 

In  a  portion  of  the  fame  dephlogifticated 
nitrous  air  that  was  ufed  in  the  former  ex^ 
periment,  I  heated  bits  of  crucibles,  which, 
after  being  dipped  in  water,  had  only  been 
dried,  though  they  had  been  made  very  hot 
in  the  fun.  In  the  courfe  of  this  procefs, 

much 
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much  water  appeared  in  the  veffel,  expelled 
no  doubt  from  the  earthen  ware  j  and  after 
the  procefs  had  been  continued  an  hour  and 
a  half,  the  part  of  the  air  that  was  unab- 
forbed  by  water,  was  to  the  reft  as  4.5  to  7, 
and  the  ftandard  of  it  was  1.45. 

Examining  a  quantity  of  dephlogifticated 
nitrous  air,  in  a  portion  of  which  I  was  about 
to  heat  bits  of  dry  crucibles  over  mercury,  I 
found  that  by  agitation  in  water  80.5  mea-* 
fures  of  it  was  reduced  to  3.5  meafures,  and 
the  ftandard  of  this  refiduum  was  1.58.  But 
of  that  portion  of  the  fame  air  in  which  bits 
of  crucibles  had  been  heated  about  an  hour 
in  all,  63  meafures  were  only  reduced  to  21, 
and  the  ftandard  of  this  refiduum  was  1.38. 
On  this  occafion  I  obferved  that  the  infide  of 
the  glafs  vefiel  was  pretty  thickly  coated  with 
a  black  matter.  Indeed,  in  the  former  ex¬ 
periments,  it  had  always  acquired  a  dark 
incruftation  ;  but  I  did  not  know  whether 
it  might  not  have  come  from  the  earthen 
ware.  I  think  it  highly  probable,  that  it 
was  mercury  fuper-phlogifticated,  as  every 
other  black  incruftation  in  proceftes  in  which 
•  mercury 
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mercury  was  ufed  has  been.  It  is  probable, 
however,  that  fome  phlogifticated  matter 
paffed  from  the  air  to  the  mercury,  which 
would  of  courfe  render  the  refiduum  more 
phlogifticated,  though  I  do  not  perceive 
how  it  fhould  follow  that  it  fliould  thereby 
render  it  lefs  mifcible  with  water.  But 
whatever  proportion  of  phlogifton  be  ne- 
ceflary  to  make  any  kind  of  air  mifcible 
with  water,  any  change  in  that  proportion 
may  make  it  lefs  mifcible  with  it. 

In  thefe  refpedts  this  change  in  the  con- 
ftitution  of  dephlogifticated  nitrous  air, 
very  much  refembles  that  which  is  made 
in  fixed  air,  both  by  the  eledric  fpark,  and 
alfo  by  heating  bits  of  crucibles  in  it ;  an 
account  of  which  has  been  given  before. 

I  endeavoured  to  afcertain  whether  this 

i 

change  in  the  conftitution  of  dephlogifti- 
dated  nitrous  air  was  produced  by  mere 
heat9  without  light,  by  heating  the  air  in 
earthen  tubes  or  retorts,  when  their  mouths 
were  immerfed  in  mercury;  but,  to  my 
great  difappointment,  I  found  that  all-kinds 
of  air  heated  in  this  manner,  came  out  com- 
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mon  air,  or  rather  air  a  little  phlogifticated. 
In  fad:,  the  earthen  veffels,  in  that  degree  of 
heat  to  which  J  expofed  them,  mult  have 
been  rendered  pervious  to  air,  though  they 
were  glazed  infide  and  outfide,  and  were 
perfedly  air  tight  both  before  and  after 
the  experiment. 

But  the  moft  effedual  change  that  I  was 
able  to  make  in  this  kind  of  air,  was 
bringing  it  to  a  hate  in  which  I  doubt  not 
it  was  refpirable,  by  means  of  the  eledric 
fpark.  Taking  this  fpark,  or  making  fmall 
explofions,  in  0.4  of  an  ounce  meafure  of 
dephlogifticated  nitrous  air,  it  was  rendered 
wholly  immifcible  with  water,  and  of  the 
ftandard  of  1 .45. 

From  this  experiment  it  fhould  feem, 
that  there  is  in  this  fpecies  of  air  fomething 
that  is  capable  of  being  converted  into  pure 
air.  This,  indeed,  is  fufficiently  indicated 
both  by  a  candle  burning  perfedly  well  in 
it,  and  alfo  by  pyrophorus  fpontaneoufly 
kindling  in  the  nitrous  air  from  which  it  is 
formed.  A  judicious  profecution  of  thefe 
experiments  may  therefore  throw  light 

upon 
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upon  the  nature  of  both  the  kinds  of  air, 
and  of  coinbuftion  alfo.  This  kind  of  air, 
however,  though  a  candle  burns  fo  well  in 
it,  will  not  kindle  pyrophorus.  I  put  a 
fmall  cupful  of  the  pyrophorus  into  a 
quantity  of  this  kind  of  air,  and  let  it  re¬ 
main  there  a  confiderable  time,  without 
perceiving  any  fenfible  effect  ^  but  when  I 
took  it  out,  and  put  it  into  a  veffel  contain¬ 
ing  nitrous  air,  it  took  fire  immediately. 

In  the  courfe  of  thefe  experiments  with 

the  fun,  I  obferved  a  remarkable  fource  of 
♦ 

fallacy,  with  refpect  to  the  increafe  of  the 
quantity  of  air  confined  by  mercury,  when 
there  is  fo  much  moifture  in  the  infide  as 
to  be  fubjed  to  fudden  dilations  and  com- 
preffions.  For  a  confiderable  quantity  of 
common  air  would  get  into  the  infide  of  the 
veffel,  when  there  was  the  depth  of  an  inch  of 
mercury  on  the  outfide  of  it,  and  of  two  or 
three  inches  within.  In  thefe  circumftances 
I  have  feen  more  than  an  ounce  meafure  of 
the  external  air  gain  admifiion  in  lefs  than 
one  minute.  This  muft  have  been  occa- 
fioned  by  the  mercury  never  being  in  per¬ 
il  fed 
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fed  contact  v/ith  glafs ;  fo  that  when  the 
mercury  was  in  a  ftate  of  undulation,  the  air 
that  was  confined  between  it  and  the  glafs 
was  continually  protruded,  and  more  air 
from  the  atmofphere  was  forced  into  its 
place,  by  the  fame  p  refill  re  which  fupport- 
ed  the  column  of  mercury  within  the  glafs. 
This  efted  I  prevented  by  having  a  quan¬ 
tity  of  water  upon  the  mercury,  on  the 
outfide  of  the  vefiel.  For  this  would  be  in 
perfed  contad  with  the  glafs  ;  and  in  this 
cafe  I  never  found  either  air  or  water  to 
get  into  the  vefiel  to  difturb  my  experi¬ 
ment. 
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Experiments  with  Electricity. 

THE  application  of  electricity  to  chy- 
miftry  is  as  yet  in  its  infancy.  I  have 
made  fome  ufe  of  it  in  the  doctrine  of  air, 
and  Mr.  Cavendish  has  lately  made  a  moft 
capital  one.  This  fuccefs  fhould  encourage 
us  to  apply  to  it  with  more  afiiduity. 

One  of  my  firft  experiments  on  the  fub- 
jedt  of  air  was  that  by  which  I  procured  in¬ 
flammable  air  by  taking  the  electric  fpark 
in  different  kinds  of  oil.  In  the  acids  no 
fpark  can  be  taken,  on  account  of  their 
being  fuch  excellent  conductors  of  electri¬ 
city.  However,  a  fmall  bubble  of  air  may 
be  left  confined  by  any  acid,  and  in  this  a 
fpark  may  be  taken,  which  will  affect  the 
contiguous  fluid.  This  I  have  done,  and 
fome  of  the  refults  are  fufficiently  remark¬ 
able  5  but  fimilar  to  the  effects  of  tranfmit- 
1  ting 
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ting  the  liquors  in  vapour,  through  a  red 
hot  earthen  tube,  in  which  cafe  the  nitrous 
and  vitriolic  acids  yield  dephlogifticated 
air. 

In  order  to  take  the  eledtric  fpark  in 
nitrous  acid,  I  admitted  a  fmall  bubble  of 
common  air  into  a  glafs  fyphon,  previoufly 
filled  with  that  acid,  placing  each  leg  of 
the  fyphon  in  a  different  veftel,  containing 
fome  of  the  fame  acid,  and  I  tranfmitted  the 
fpark,  or  fhock,  through  a  gold  wire,  on 
which  the  acid  has  no  addon.  In  thefe 
circum fiances  every  fpark  made  a  confidera- 
ble  addition  to  the  quantity  of  air,  and  it  ap¬ 
peared  to  be  the  purefi  dephlogifticated  air. 

With  the  vitriolic  acid  1  had  a  fimilar  re- 
ful  t,  but  much  more  time  was  required  to 
produce  the  effedt.  After  taking  the  fpark 
two  hours  in  a  bubble  of  air  confined  by 
this  acid,  in  a  fyphon,  the  greateft  part  of  ' 
which  was  filled  with  mercury,  and  the 
legs  of  it  ftanding  in  bafons  of  mercury, 
the  bubble  was  not  more  than  doubled  in 
quantity;  but  the  addition  that  was  made 
to  it  appeared  to  be  dephlogifticated  air,  the 

Z  2  ftandard 
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Standard  of  it  being,  with  equal  quantities 
of  nitrous  air,  1.0.  It  may  be  worth  no¬ 
ticing,  that  though  the  oil  of  vitriol,  ufed 
in  this  experiment,  was  of  a  light  purple 
colour  (which  might  be  the  reafon  why  the 
the  air  procured  from  it  was  not  both  more 
in  quantity,  and  better  in  quality)  the  part 
next  to  the  air  became  perfectly  colourlefs 
for  the  fpace  of  about  a  quarter  of  an  inch. 

When  I  repeated  this  experiment  with 
common  fpirit  of  fait ,  the  bubble  of  air  was 
diminished  one  fourth  ;  and  though  the 
operation  was  continued  a  long  time,  it  ne¬ 
ver  increafed  afterwards,  and  was  limply 
phlogiiticated  air.  When  I  ufed  dephlo- 
gifticated  marine  acid,  the  bubble  of  air  was 
diminished  near  one-half,  but  what  remain¬ 
ed  was  ftill  phlogifticated  air. 

With  phofp  boric  acid ,  the  air  was  fir  ft  di¬ 
minished  one-quarter,  and  then  increafed. 
This  air  I  could  perceive  not  to  be  affededx 
by  nitrous  air  ;  and  by  the  rednefs  of  the 
eledric  Spark  in  it,  I  have  no  doubt  of  its 
being  inflammable  air.  But  the  quantity 
was  too  fmall  to  afeertain  it  in  any  other 

manner. 
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manner.  This  acid  is  always  faid  to  con¬ 
tain  phlogifton,  and  by  this  means  it  feems 
to  be  converted  into  inflammable  air. 

I  had  a  iimilar  refult  when  I  took  .the 

eledtric  fpark  in  air  confined  by  phlogijlicat - 
ed  alkali.  It  was  firft  diminifhed  one- 
fourth,  and  then  increafed  to  its  original 
bulk ;  but  the  increafe  was  very  flow. 
When  I  examined  the  air,  I  could  only  ob- 
ferve  that  it  was  not  affedted  by  nitrous  air. 
The  addition  muft,  I  think,  have  been  in¬ 
flammable  air,  though  the  quantity  was 
fo  fmall,  that  the  fpark  had  no  fenfible  red- 
nefs  in  it. 

I  fhall  conclude  the  account  of  thefe  ex- 

•  .C  '  ■  •  4.  *  ,  .  /  J. 

periments  with  mentioning  one  of  fmall 
confequence,  relating  to  the  conducing 
power  of  fubftances.  Having  boiled  fome 
linfeed  oil,  I  put  into  it  a  quantity  of 
pounded  glafs.  When  it  was  cold  it  was  a 
folid  black  mafs,  and  condudted  eledtricity 
perfedtly  well  through  its  whole  fubftance, 
and  was  not,  as  I  had  expedted,  that  kind  of 
fubftance  which  conduces  eledtricity  in  a 
vifible  manner ,  fuch  as  I  have  defcribed  in 
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my  obfervations  on  charcoal,  and  which  I 
had  often  found  to  incruft  pieces  of  glafs 
that  had  been  made  red  hot  in  vegetable 
oils.  I  then  melted  the  whole  mafs  ;  but 
though  it  remained  black  throughout,  and 
had  been  covered  from  all  accels  of  the  ex¬ 
ternal  air,  it  had  no  more  conducing 
power  than  any  other  kind  of  glafs. 


SECTION  XXII, 

Of  the  Influence  of  Light  on  Vapour  of  Spirit 

of  Nitre , 

LIGHT,  belides  ferving  the  important 
purpofe  of  vifion ,  is  likewife  a  chymical 
principle,  the  effects  of  which  are  as  yet  but 
little  known  ;  though  we  have  feen  fuf- 
ficient  reafon  to  conclude,  that  it  is  a  very 
important  agent  in  the  fyftem  of  nature. 

Any 
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Any  new  fads,  therefore,  relating  to  fo  cu¬ 
rious  a  fubjed,  muft  be  acceptable  to  the 
natural  philofopher. 

After  the  experiments  which  I  had  be¬ 
fore  made  on  the  colouring  of  fpirit  of 
nitre,  by  which  it  appeared  to  depend  upon 
phlogifton,  it  was  fuggefted  to  me  by  a 
philofophicai  friend,  that  the  air  incumbent 
upon  the  acid  might  poffibly  affed  its  co¬ 
lour,  and  I  was  defired  to  attend  to  that  cir- 
cumftance.  Accordingly  I  did  fo,  and  found 
that  air  as  fuch  had  no  influence  in  the  cafe, 
but  a  very  material  one,  as  affording  fpace 
for  the  vapour  of  the  acid  to  expand  itfelf 
in  ;  fo  as  to  be,  in  that  flate,  fubjed  to  the 
adion  of  light,  a  thing  of  which  I  had  no 
fufpicion  before. 

Having  made  a  quantity  of  colourlefs 
fpirit  of  nitre,  which  is  readily  done  by 
making  it  boil  haftily  (in  order  to  prevent 
too  great  a  lofs  of  the  acid)  and  letting  it 
cool  again  in  the  dark,  I  put  different  por¬ 
tions  of  it  into  feveral  phials,  fome  of  them 
quite  full,  and  others  only  half  full,  with 
every  different  fpecies  of  air  incumbent  upon 

Z  4  them. 
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them,  except  the  nitrous  ;  which  I  knew 
would  immediately  be  decompofed,  and 
give  it  colour.  Then  leaving  the  phials 
expofed  to  the  light  of  the  fun,  in  a  few 
days  I  found  the  acid  in  all  of  them  that 
were  only  half  full  confiderably  coloured ; 
whereas,  the  acid  in  the  phials  that  were 
quite  full  remained  as  colourlefs  as  wrater. 

After  having  had  air  of  different  kinds  in 
thofe  phials  which  were  only  partially  filled, 
I  contrived  to  have  a  vacuum  above  the 
acid;  but  ftill,  when  it  was  expofed  to  the 
light,  it  became  coloured,  as  well  as  that 
which  had  air  in  contadt  with  it*. 

I  then  took  fome  of  the  phials  that  were 
only  half  full ,  and  covering  them  from  the 
light  expofed  them  for  feveral  days  to  a 
confiderable  degree  of  heat ,  But  in  that 
fituation  they  never  acquired  any  colour. 

Being  now  fatisfied  that  it  wras  the  adtion 
of  light  upon  the  vapour  of  fpirit  of  nitre 
that  gave  it  colour,  I  amufed  myfelf  with 

*  In  this  experiment  I  ufed  a  glafs  transferrer,  exe¬ 
cuted  by  Mr.  Parker.  It  is  of  excellent  ufe  when  either 
acids  or  mercury  is  employed. 
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throwing  a  ftrong  light,  by  means  of  a  lens, 
into  the  upper  part  of  a  phial,  the  lower 
part  of  which  contained  colourlefs  fpirit  of 
nitre.  And  in  this  manner  I  found  that  I 
could  foon  give  a  ftrong  orange  colour  to 
the  vapour  of  the  acid  ;  and  that,  being 
imbibed  by  the  liquid  acid  with  which  it 
was  in  contact,  this  alfo  became  coloured, 
firft  at  the  top,  and  then  quite  through  its 
fubftance. 

In  what  manner  light  a<fts,  in  order  to 
give  colour  to  the  vapour  of  nitrous  acid, 
remains  to  be  determined ;  but  that  it  is 
by  imparting  phlogifton  to  it,  is  highly  pro¬ 
bable,  becaufe  the  liquid  acid  will  become 
coloured  by  means  of  any  thing  that  con¬ 
tains  phlogifton,  independent  of  light.  It 
remains  alfo  to  be  afcertained,  why  light  has 
not  a  limilar  effect  on  the  vapour  of  fpirit 
of  fait,  that  of  other  acids,  and  vapours 
of  other  kinds.  But  when  a  fufficient  de¬ 
gree  of  attention  fhall  be  excited  to  the 
fubjedt,  it  may  not,  perhaps,  be  very  diffi¬ 
cult  to  make  much  farther  progrefs  in  the 

inveftigation 
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inveftigation  of  the  chymical  properties  of 
light,  and  its  adtion  upon  bodies  in  general. 

I  had  been  told  that  the  blue  colour  of 
the  folution  of  copper  in  fpirit  of  nitre  de¬ 
pended  upon  light.  But  when  I  was  en¬ 
gaged  in  the  preceding  experiments,  I  fatif- 
fied  myfelf  that  it  did  not.  For  having  firft 
taken  the  moft  effectual  care  that  the  folu¬ 
tion  was  made  with  the  moft  colourlefs 
acid,  I  examined  it  afterwards  in  the  night, 
with  the  fainteft  light  of  a  candle;  and  in 
feveral  trials  always  found  it  as  blue  as  any 
folution  that  had  been  made  in  the  open 
day-light.  I  therefore  conclude  that  phlo- 
gifton,  as  fuch ,  independent  of  any  thing  elfe 
relating  to  light,  is  the  thing  that  gives 
colour  to  this  acid.  That  light  does  con¬ 
tain  phlogifton,  is,  I  think,'  evident  from 
various  chymical  experiments. 
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SECTION  XXIII. 

Experiments  on  the  ABion  of  Steam  upon  fe¬ 
deral  heated  Subjlances . 
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HAVING,  fince  the  publication  of 
that  paper  in  the  Philofophical  Tranf- 
adions  which  makes  the  fecond  fedion  of 
this  volume,  made  a  few  other  experiments 
of  the  fame  kind  with  thofe  recited  in  it, 
l  fhall  introduce  them  here,  by  way  of  Sup¬ 
plement  to  it.  Thofe  already  recited  relate 
chiefly  to  the  adion  of  fleam  upon  charcoal , 
or  iron .  I  have  fince  extended  them  to 

fome  other  fubflances,  and  though  the  re- 
fults  are  not  very  important,  it  may  be  of 
fome  ufe  to  relate  them. 

Having  made  another  experiment  with 
iron ,  with  as  much  attention  as  I  could  give 
to  it,  I  fhall  in  the  firfl  place  mention  that . 
From  two  ounces  of  iron  turnings  (which 
is  caft  iron  annealed)  I  got  in  the  firfl  in- 
ftance  985  ounce  meafures  of  air,  with  the 

lofs 
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lofs  of  528  grains  of  water  j  and  the  iron,  I 
found,  had  gained  292  grains  in  weight. 
Then  making  four  ounces  of  water  of  this 
refiduum  pafs  over  the  fame  iron,  it  gained 
four  grains  more,  and  all  the  air  that  I  pro¬ 
cured  was  998  ounce  meafures.  So  that 
(as  extreme  accuracy  is  not  to  be  obtained 
in  proceffes  of  this  kind)  it  may  be  faid 
that  two  ounces  of  this  kind  of  iron  will,  in 
this  way,  yield  1000  ounce  meafures  of  air  ; 
whereas  by  folution  in  vitriolic  acid  it 
would  have  yielded  about  800.  Confe- 
quently  more  air  by  two  fifths  may  be  pro¬ 
cured  by  this  new  mode  of  treatment,  which 
alone  fhould  recommend  it  to  thofe  who 
fill  balloons. 

Having  recommended  this  procefs  as  the 
cheapeft  and  the  moft  convenient  for  filling 
balloons,  efpecially  when  tubes  of  call  iron 
fhould  be  made  ufe  of ;  I  was  willing  to 
make  a  trial  of  one,  in  order  to  form  fome 
judgment  how  long  they  would  laft  for  the 
purpofe.  I  therefore  procured  one  of  an 
inch  and  a  quarter  in  diameter,  and  not  more 
than  a  quarter  of  an  inch  in  the  thicknefs 

of 
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of  the  metal  ;  and  making  the  middle  part 
of  it  red-hot,  fent  fleam  through  it ;  and 
from  the  refult  of  four  or  five  precedes 
with  the  fame  tube,  I  have  little  doubt,  but 
that,  if  they  were  made  of  the  thicknefs  of 
half  an  inch  in  the  metal,  and  care  was  taken 
to  coat  them  on  the  outlide  with  clay  and 
fand,  the  fame  tube  might  probably  ferve 
twenty  times.  That  the  reader  may  form 
fome  judgment  as  well  as  myfelf,  I  fhall 
mention  the  refult  of  my  obfervations. 

I  heated  the  tube  four  or  five  different 
times,  and  in  each  procefs  tranfmitted  as 
much  water  through  it  as  would  have 
been  more  than  fufficient  to  decompofe  all 
the  iron  that  it  could  have  contained.  At 
firft  four  ounce  meafures  of  water  procured 
180  ounce  meafures  of  inflammable  air,  and 
then  fix  ounce  meafures  procured  only  160 
ounce  meafures.  I  then  examined  the  tube, 
and  found  that  when  both  the  infideand  out- 
fide  were  well  feraped  with  a  fharp  inftrumen  t, 
it  had  loft  twenty-five  grains  in  weight. 
The  feales  from  the  outfide  weighed  28a 
grains,  while  all  that  I  could  get  from  the 

in  fide 
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infide  weighed  only  36  grains.  Confequently 
the  tube  had  gained  in  weight  283  grains. 
After  this  I  heated  it  again,  and  tranfmitted 
through  it  fix  more  ounces  of  water,  which 
yielded  only  60  ounce  meafures  of  air. 

From  thefe  experiments  it  may  be  in¬ 
ferred,  that  the  tube  would  foon  have  ceafed 
to  give  any  air  ;  the  infide  being  changed 
into  fome  depth  by  the  adtion  of  the  fleam, 
and  yet  it  was  not  much  difpofed  to  exfo¬ 
liate.  In  time  it  w*ould,  no  doubt,  have  be¬ 
come  brittle,  and  might  be  in  danger  of 
breaking,  from  its  difpofition  to  bend  in  the 
courfe  of  the  procefs.  This  bending  was 
very  confiderable ;  but  did  not  feem  to  arife 
from  any  tendency  in  the  iron  to  melt. 
Perhaps  by  turning  it  in  cooling,  this  bend¬ 
ing,  and  confequently  the  danger  of  crack¬ 
ing  after  much  ufe,  might  be  prevented; 
or  this  property  of  bending  might  in  a 
great  meafure  ceafe,  when  the  metallic  ftate 
of  the  tube  was  deftroyed ;  and  yet  with 
care  might  continue  a  firm  and  compact 
tube,  and  as  fit  for  this  procefs  as  at  the 
firfl.  If  this  fhould  be  the  cafe  (which 

experience 
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experience  alone  can  determine)  it  is  not 
to  fay  how  long  a  tube  of  this  kind  might 
laft.  It  would  then  be  a  kind  of  earthen 
tube ,  of  the  moft  perfect  nature,  completely 
air  tight,  without  being  fubjedl  to  rufl  or 
decay. 

Upon  the  whole,  fhould  the  fondnefs  for 
balloons  be  refumed,  I  fee  no  reafon  why  far 
the  greatefl  part  of  the  expence  attending 
the  filling  of  them  might  not  be  faved  by 
means  of  this  procefs.  A  complete  appara¬ 
tus  for  it  would  not  coil  half  fo  much  as 
the  filling  of  a  fingle  balloon,  that  would 
carry  a  man,  in  the  common  way,  and  would 
ferve  at  leafl  a  confiderable  number  of  times, 
with  the  expence  of  a  very  few  pounds  each 
time ;  as  there  would  be  hardly  any  thing 
to  pay  for  beiides  fire,  and  attendance ,  for  a 
few  hours.  For  fuch  iron  as  would  befl 
anfwer  for  this  purpofe  might,  in  moil 
places,  be  had  for  a  mere  trifle.  One  ap¬ 
paratus,  conveniently  fixed,  might  ferve  for 
a  whole  town  or  neighbourhood. 

Having  been  able  to  decompofe  iron  by 
converting  it  into  fcales,  I  alfo  found  that 
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in  this  way,  I  could  readily  procure  flowers 
of  %hiCy  as  well  as  inflammable  air  from  that 
metal.  The  flowers  came  over  in  a  very 
attenuated  ftate,  the  air  being  loaded  with 
them.  It  might  be  poffible,  however,  to 
contrive  an  apparatus  to  colled  them. 

j Brafs  being  made  with  a  mixture  of 
zinc  and  copper,  and  zinc  being  fo  eaiily 
decompofed  by  fleam,  whenever  a  copper 
tube  is  ordered  for  the  purpofe  of  thefe  ex¬ 
periments,  particular  care  Ihould  be  taken 
that  there  be  no  mixture  of  brafs  in  it, 
though  it  is  difficult  to  have  copper  caft 
fmooth  and  folid  without  a  mixture  of  either 
brafs  or  tin,  which  is  not  much  better. 
Even  pure  copper  tubes  become  brittle,  and 
at  length  crack  in  thefe  experiments. 

Having  at  one  time  been  perfuaded  to  have 
a  little  brafs  mixed  with  the  copper  in  one 
of  thefe  tubes,  I  con  fen  ted  that  the  fmalleft 
quantity  that  could  be  fuppofed  to  be  ne- 
cefiary  to  make  the  tube  compad,  fhould  be 
put  into  it.  But  notwithstanding  this,  and 
though  the  tube  had  a  quarter  of  an  inch 
thicknefs  of  metal,  it  fell  to  pieces  in  the 

very 


3 


upon  heated  Suhjlances .  353 

very  firfi  experiment,  in  which  I  fent  the 
fleam  of  no  more  than  two  or  three  ounces 
of  water  through  it.  Inflammable  air  was 
produced  very  copioufly,  and  the  flowers  of 
zinc  were  mixed  with  it ;  fo  readily  did  the 
fleam  feparate  the  zinc  from  the  copper, 
though  the  heat  was  only  fuflicient  to  make 

the  tube  red  hot,  and  was  far  from  melt- 

■|  -  -  »- 

ingit. 

Lead  would  probably  be  far  lefs  affedted 
than  copper  in  thefe  experiments ;  but  then 
it  will  not  bear  a  read  heat  without  melting. 

I  made  the  fleam  of  about  four  ounces  of 
water  pafs  over  four  ounces  of  melted  lead, 
in  an  earthen  tube,  with  hardly  any  fenfible 
effedt.  The  lofs  of  water  was  not  more 
than  0.2  of  an  ounce  meafure. 

After  ufing  charcoal  in  the  experiments 
recited  in  the  preceding  fedtion,  I  went 
through  one  procefs  with  coak ,  or  the  cinder 
of  pit  coal,  and  found  that  from  1 74  grains 
of  coak,  and  with  the  lofs  of  528  grains  of 
water,  I  got  1700  ounce  meafures  of  air,  of 
which  one  fifth  was  fixed  air,  and  30  ounce 
meafures  of  it  weighed  ten  grains  lefs  than 
Vol.  III.  A  a  an 


354 


On  the  Action,  &c. 

an  equal  bulk  of  common  air.  The  ana- 
lyfis  of  this  air  will  be  found  in  the  fedtion 
appropriated  to  that  fubjedt. 

On  iron  ore  this  procefs  had  no  effedb. 
The  fame  was  the  cafe  with  the  trial  I  made 
of  quick  lime ,  and  fuch  would  probably  be 
the  cafe  with  dephlogifticated  earths  in 
general . 

o  -  -  - 

With  manganefe ,  however,  the  refult  was 
different.  Having  made  the  fleam  of  four 
ounces  of  water  pafs  over  828  grains  of  this 
fubftance,  which  had  been  expofed  to  a 
ftrong  heat  in  an  earthen  retort  fome  time 
before,  I  got  35  ounce  meafures  of  air,  al- 
moft  the  whole  of  which  was  pure  fixed  air, 
with  a  refiduum  a  little  better  than  common 
air.  The  manganefe  had  loft  132  grains, 
and  from  being  black ,  was  become  very 
brown .  Again,  I  tranfmitted  the  fleam  of 
eight  ounces  of  water  over  two  ounces  and 
an  half  of  manganefe,  and  got  about  100 
ounce  meafures  of  pure  fixed  air,  with  a 
refiduum  a  little  phlogifticated.  The  man¬ 
ganefe  had  loft  1 12  grains. 


SEC- 


[  355  ] 


S  E  C  T  I  O  N  XXIV. 


"Experiments  relating  to  Iron. 

HE  mofl  important  of  all  the  metals  is 


unquestionably  iron ,  and  it  feems  to  be 
that  which  is  as  yet  the  moft  imperfectly 
understood,  and  in  the  manufacture  of  which 
there  is  the  greateft  room  for  farther  im¬ 
provements.  But  as  all  experimenters  in  air 
make  ufe  of  it,  at  lead  for  the  purpofe  of 
procuring  inflammable  air  (that  being  the 
cheapeft  procefs  by  which  they  can  make 
it)  it  falls  daily  under  their  obfervation,  and 
in  confequence  of  this  it  may  be  hoped,  that 
we  fhall  gradually  gain  a  more  perfeCt 
knowledge  of  it,  and  that  this  knowledge 
will  lead  to  improvements  in  practice.  I 
cannot  promife  much  with  refpeCt  to  my 
own  obfervations  on  the  fubjeCt,  but  all  new 
falls  ought  to  be  reported,  and  fome  that 
have  occurred  to  me  are  of  fuch  a  nature, 

A  a  2 


as. 


Experiments  relating  to  Iron . 


as,  in  the  hands  of  manufacturers  in  a  large 
way,  may  perhaps  be  of  fome  utility. 

One  of  the  greatefl  differences  with  re- 
fpedt  to  iron  is  between  that  which  is  called 
cajl  iron  (which  is  the  ftate  in  which  it 
comes  from  the  furnace)  and  that  which  is 
malleable .  In  the  former  ftate,  though  ex¬ 
ceedingly  hard,  it  is  brittle ;  fo  that  it  can 
no  more  be  brought  into  any  other  form 
without  melting,  than  glafs,  but  when 
melted,  it  ftill  continues  iron.  In  the  mal¬ 
leable  ftate,  it  is  no  longer  capable  of  being 
melted  again,  and  continuing  to  be  iron, 
but  it  is  flexible,  and  without  melting,  may 
be  hammered  into  any  fhape  that  is  wanted. 

I  had  formed  an  idea,  from  what  I  had 
formerly  read  on  the  fubjeCt,  that  this  great 
change  in  iron  was  made  by  nothing  more 
than  violent  hammering  while  it  was  red 
hot ;  but  when  I  faw  the  real  procefs,  I 
was  foon  convinced  that  this  was  a  miflake. 
For  in  the  finery  furnace  (or  that  furnace 
which  is  intended  to  refine  the  iron,  and 
make  it  malleable)  the  call  iron  is  expofed 
to  a  ftrong  blaft  of  air,  while  it  is  red  hot, 

or 
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or  rather  in  a  half  melted  Hate  ;  and  it  is 
this  blaft  of  air  that  is  the  moft  neceffary, 
if  not  the  only  neceffary  circumftance,  in 
producing  this  change.  Alfo,  while  the  iron 
undergoes  this  operation,  a  quantity  of  li¬ 
quid  matter  runs  from  it,  and  when  it  is 
cold  acquires  the  form  of  a  black  cinder ; 
which,  from  the  name  of  the  furnace  oubof 
which  it  flows,  is  called  finery  cinder.  The 
nature  of  this  fubftance,  I  think,  I  have  in- 
veftigated.  When  this  finery  cinder  is  fepa- 
rated  from  the  common  mafs,  what  remains 
of  the  iron  is  adually  malleable ;  but  being 
in  loofe  fpungy  mafTes  requires  the  hammer 
to  confolidate  it,  and  to  reduce  it  into  a  pro¬ 
per  form  for  farther  operations.  Alfo,  a 
confiderable  quantity  of  finery  cinder  re¬ 
mains  in  the  interfaces  of  the  fpungy  maffes, 
and  the  hammer  is  ufeful  in  feparating 
it, 

A  farther  remarkable  change  in  the  con~ 
ftitution  of  iron,  is  that  by  which  it  is  con¬ 
verted  into  Jleel9  which  is  made  by  cementing 
it  with  charcoal.  It  is  then  capable  of 
being  made  elaftic,  and  of  receiving  various 

A  a  3  j  degrees 
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degrees  of  hardnefs,  according  to  the  fud- 
dennefs  with  which  it  is  cooled  after  it  has 
been  made  red  hot.  It  is  alfo  then  capable 
of  being  melted,  without  lofing  its  metallic 
character.  • 

At  Birmingham,  I  find  it  is  common  to 
fubjedt  caft  iron  to  this  procefs  of  cemen¬ 
tation  ;  and  then  it  is  faid  to  be  annealed . 
This  gives  it  a  flight  degree  of  flexibility, 
fo  that  it  may  be  ufed  for  fome  kinds  of 
nails.  Having  an  opportunity  of  procuring 
thefe  nails,  both  before  and  after  annealing, 
I  have  made  many  experiments  on  them, 
and  find  that  this  procefs  makes  a  remark¬ 
able  difference  in  the  chymical  properties  of 
the  metal ;  and  fuch  as  I  fhould  not  have 
expedted  a  priori. 

Iron  that  is  annealed,  as  well  as  that 
which  is  malleable,  and  alfo  fteel,  is  readily 
diffolved  in  diluted  oil  of  vitriol,  and  leaves 
very  little  refiduum  ;  whereas  the  caft  iron 
that  has  not  been  annealed,  diflblves  with 
great  difficulty,  and  when  it  is  diffolved, 
leaves  a  great  quantity  of  black  refiduum. 
The  folution  itfelf  is  alfo  attended  with 
>  .  fome 
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fome  appearances  of  a  very  ftriking  nature, 
which  I  fhall  deferibe  as  they  occurred  to 
me. 

From  twenty-four  grains  of  caft  iron,  in 
the  form  of  nails,  I  got,  by  oil  of  vitriol  di¬ 
luted  with  about  three  times  as  much  water, 
in  the  courfe  of  fome  weeks  (for  without 
external  heat  lefs  time  is  not  fufficient)  69 
ounce  meafures  of  inflammable  air,  exceed¬ 
ingly  offenflve  to  the  fmell.  The  nails  ftill 
retained  their  form,  and  as  after  repeatedly 
heating  the  mixture  till  it  boiled,  very 
little  more  air  came  from  them,  I  examined 
them,  and  found  them  to  be  pretty  foft,  fo 
that  I  could  eafily  cut  them  with  a  knife. 
They  had  alfo  the  fame  highly  offenflve 

fmell  with  the  air  that  had  come  from 

them;  and  being  put  into  a  jar  of  com¬ 
mon  air,  they  foon  diminifhed,  or  phlogifti- 
cated,  it. 

When  thefe  nails  were  dry,  they  were 
brittle  ;  and  though  white  on  the  outfide, 
they  were  black  within ;  and  after  being 
haflily  dried,  they  appeared  to  have  gained 
fifteen  grains.  This  experiment  explains 

A  a  4  what 
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what  I  am  told  is  commonly  obferved  by 
thofe  who  put  iron  pipes  into  pits,  in  which 
there  is  water  impregnated  with  vitriolic 
acid.  For  in  time  they  become  quite  loft; 
or,  as  they  call  it,  rotten ,  fo  that  they  can 
be  cut  with  a  knife.  That  a  good  deal  of 
all  the  conftituent  parts  of  iron  remains  in 
this  fubftance,  was  evident  from  the  refult 
of  my  melting  a  piece  of  it  with  a  burn¬ 
ing  lens.  For  though  it  neither  gained  nor 
loft  any  weight,  it  fpirted  a  little  in  the 
fufion,  and  threw  out  fparks,  juft  like  caft 
iron  in  the  fame  experiment. 

I  was  too  hafty,  however,  in  concluding 
that  the  procefs  above  mentioned  was  over, 
as  the  next  experiment  will  fhew.  Half  an 
ounce  of  caft  nails  had  been  kept  in  oil  of 
vitriol,  diluted  with  three  times  as  much 

’  >  J  .  •  »t  '  *  ' 

water,  about  three  weeks,  and  though  the 
menftruum  had  been  changed  feveral  times, 
and  they  had  yielded  130  ounce  meafures  of 
air,  they  retained  their  form.  But  I  then  per¬ 
ceived  fome  fpecks  of  black  matter  floating 
in  the  liquor,  and  after  a  few  days  more, 
I  found  one-third  of  the  phial  in  which 

-.V  ■-  the 
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the  folution  was  made  quite  opake  with 
them.  Nothing  then  remained  in  the  form 
of  a  nail ;  and  during  this  breaking  up  of 
the  nails,  the  air  had  come  from  them  much 
more  copioufly  than  it  had  done  for  a  con- 

4 

fiderable  time  before.  For  the  whole  quan¬ 
tity  of  air  was  now  190  ounce  meafures. 

The  air,  however,  comes  pretty  readily  at 
the  beginning  of  this  procefs.  For  60 
ounce  meafures  were  procured  in  a  very 
few  days,  whereas  that  quantity  was  not  got 
in  as  many  weeks  afterwards,  till  the  form 
of  the  nails  was  deftroyed.  The  black 
powder  that  remained  after  this  procefs  had 
a  very  offenfive  fmell ;  and  when  dried 
haitily,  weighed  18  grains.  From  another 
equal  quantity  of  thefe  nails  this  black 
powdery  refiduum  weighed  feventeen  grains 
and  a  half,  and  this  was  the  ufual  propor¬ 
tion  of  its  weight  to  that  of  the  iron. 

What  this  black  matter  really  is,  how 
the  procefs  of  annealing  can  fo  greatly  lcflen 
the  quantity  of  it,  and  what  connexion  this 
circumftance  has  with  the  folubility  of  the 
iron  in  acids,  are  qtteftions  that  well  de¬ 
fer  ve 
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ferve  confideration ;  and  I  think  it  very  pof- 
fible,  that  a  little  attention  to  the  fubjedt 
may  lead  to  an  eafy  folution  of  them,  and  a 
farther  infight  into  the  nature  of  iron. 

Another  phenomenon  in  the  folution  of 
this  caft  iron  being  exceedingly  remarkable, 
and  with  refpedt  to  myfelf,  an  unique  (for  I 
have  never  been  able  to  repeat  the  obferva- 
tion)  I  fhall  mention  the  particulars  exadtly 
as  they  occurred  to  me,  and  as  I  noted  them 
in  my  regifter  at  the  time. 

$ 

In  the  courfe  of  laft  winter,  I  had  put 

half  an  ounce  of  caft  iron  nails  into  a  mix- 

« 

ture  of  oil  of  vitriol  and  water,  and  in  the 
fpace  of  about  two  months,  in  the  cold 
weather,  they  had  yielded  72  ounce  mea- 
fures  of  air ;  but  the  menftruum  not  hav¬ 
ing  been  changed,  much  copperas  was  con¬ 
creted  among  the  nails.  In  the  following 
fpring,  when  I  began  to  give  more  attention 
to  the  procefs,  I  changed  this  liquor,  and 
occafionally  applied  to  it  the  heat  of  a 
candle,  in  order  to  accelerate  the  folution. 
A  few  days  after  this  I  obferved  in  the  li¬ 
quor  a  great  number  of  tranfparent  fila¬ 
ments. 
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inentSy  a  quarter,  or  half  an  inch  in  length, 
like  the  fineft  hairs,  part  of  them  adhering 
to  the  nails,  at  the  ends,  but  the  greateft 
quantity  of  thefe  hair-like  cryjla/s%  as  they 
may  be  called,  were  detached  from  them, 
and  floated  in  the  liquor. 

Taking  fome  of  them  out  of  the  men- 
ftruum,  I  found  that  they  diflolved  in  frefh 
water,  but  not  immediately.  I  then  took 
them  all  out  of  the  phial,  and  to  the  fame 
nails  put  frefh  oil  of  vitriol  and  water  ;  and 
in  a  few  days  more  of  thefe  cryftals  appear¬ 
ed,  but  not  fo  many  as  before.  On  heating 
the  liquor  while  they  were  in  it,  they  all 
difappeared  ;  but  after  a  few  days  they  ap¬ 
peared  again,  and  kept  increafing  very 
much.  I  made  them  difappear  a  fecond 
time  in  the  fame  manner,  and  with  the  re¬ 
turn  of  cold  they  appeared  again.  Having 
poured  off  this  liquor,  with  the  cryftals  in 
it,  I  heated  that  liquor,  and  made  them  dif¬ 
appear,  but  they  re-appeared  in  the  fame  li¬ 
quor  when  it  was  cold,  and  no  more  in  the 
frefh  liquor  that  was  put  to  the  nails.  Af¬ 
ter  this  the  nails  broke  up,  and  the  air 

came 
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came  very  rapidly,  as  in  the  former  pro- 
cels,  and,  in  all,  thefe  nails  yielded  163 
ounce  meafures  of  air. 

As  thefe  cryftals  were  formed  a  little 
time  before  the  nails  broke  up,  I  imagin¬ 
ed  that,  whatever  the  fubftance  was,  it  was 
that  which  had  held  them  together,  pre¬ 
venting  their  eafy  folution,  and  that  it  was 
attracted  from  the  iron  in  the  operation  of 
annealing.  I  alfo  thought,  that  by  repeat¬ 
ing  this  procefs,  and  watching  it  a  few  days 
before  the  breaking  up  of  the  nails,  I  could 
not  fail  to  find  the  fame  appearance.  But 
though  I  repeated  the  experiment,  and  with 
all  the  variations  that  I  could  think  of, 
I  was  never  gratified  with  a  fecond  fight  of 
thefe  beautiful  cryftals- 

As  thefe  cryftals  were  evidently  of  a  faline 
nature,  I  concluded  they  were  only  martial 
vitriol,  though  in  an  unufual  form.  To  af- 
certain  this,  I  diflblved  all  the  fragments  I 
could  colled:  of  thefe  cryftals  in  water,  and 
fet  it  to  evaporate.  But  inftead  of  finding 
any  green  vitriol,  there  was  only  a  black 
:incruftation  left  on  the  evaporating  veflel. 
no'  7  There 
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There  has  been  fome  difference  of  opi¬ 
nion  among  chymifts  concerning  the  pro¬ 
portional  quantity  of  air  yielded  by  iron  and 
Jleel .  Having  taken  fome  pains  to  afcertain 
thefe  fadts,  at  the  fame  time  that  I  was 
diffolving  iron  and  fteel  for  other  purpofes, 
I  fhall  here  mention  the  refult  of  my  ob- 
fervations  refpedting  the  air  that  is  yielded 
by  all  the  kinds  of  iron  that  have  fallen 
under  my  notice.  I  repeated  the  experi¬ 
ments  feveral  times,  but  the  refults  often 
varied,  without  my  being  fenfible  of  any 
change  in  the  circumftances  of  the  expe¬ 
riments* 

What  quantity  of  air  came  from  cajl  iron 
in  the  experiments  mentioned  above,  I  have 
noted  in  the  account  of  them ;  but  as  I 
frequently  repeated  the  experiment,  efpe- 
cially  with  a  view  to  find  the  hair  like 
cryftals  that  I  have  mentioned,  I  fhall  here 
put  down  the  different  quantities  of  air,  of 
which  I  alfo  took  an  account  in  fome  of 
them,  as  well  as  of  the  refiduums  of  black 
matter,  which  I  obferved  at  the  fame  time. 
At  one  time  a  quarter  of  an  ounce  of  caft 


iron 
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iron  gave  ninety  ounce  meafures  of  air,  half 
an  ounce  gave  163  ounce  meafures,  and  two 
ounces  gave  727  ounce  meafures,  leaving  a 
refiduum  of  black  powder,  which  weighed 
ninety-eight  grains ;  and  four  ounces  of  the 
iron  gave  a  refiduum  of  163  grains.  Upon 
the  whole,  therefore,  a  quarter  of  an  ounce 
of  this  iron  may  be  faid  to  give  ninety  ounce 
meafures  of  inflammable  air. 

Of  the  annealed  cafl  nails ,  a  quarter  of  an 
ounce  gave  at  one  time  10 1  ounce  meafures 
of  air,  at  another  time  105I,  at  another  106, 
and  the  moft  of  all  1 07.  Half  an  ounce 
gave  212  ounce  meafures.  Half  an  ounce 
of  iron  turnings,  which  is  iron  lefs  perfectly 
annealed,  gave  ninety-fix  ounce  meafures  of 
air.  It  is  evident,  therefore,  that  the  an¬ 
nealed  cafl:  iron  gives  confiderably  more  in¬ 
flammable  air  than  that  which  had  not  been 
annealed  ;  and  this  is  eafily  accounted  for, 
from  the  much  greater  quantity  of  refiduum 
from  the  iron  that  has  not  been  annealed, 
which  refiduum,  it  will  be  feen,  contains 
much  phlogifton. 


A  quarter 
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A  quarter  of  an  ounce  of  Jleel  gave  ninety 
ounce  meafures  and  an  half  of  air,  1 1 
grains  gave  ninety-five  ounce  meaiures  and 
an  half  of  air,  and  the  fame  weight  of  the 
very  fame  iron  from  which  that  fteel  had  been 
made  gave  ninety-fix  ounce  meafures.  Half 
an  ounce  of  fteel  gave  207  ounce  meafures, 
and  the  black  refiduum,  though  greater  than 
is  found  in  the  folution  of  iron,  or  caft  iron 
annealed,  was  too  fmall  to  be  weighed.  At 
other  times,  however,  it  has  been  much 
more  confiderable,  though  I  have  no  note 
of  the  exa6t  quantity  that  I  found  in  any 
experiment.  It  is  alfo  obfervable,  that  in 
the  folution  of  this  half  ounce  of  fteel,  in 
which  there  was  fo  little  refiduum,  the 
quantity  of  air  was  unufually  great.  And, 
I  prefume,  that  the  differences  in  the  quan¬ 
tities  of  air  from  given  weights,  both  of 
fteel,  and  different  kinds  of  iron,  will  always 
be  in  fome  reciprocal  proportion  to  the 
quantity  of  this  refiduum,  which  I  have 
never  found  any  folution  of  iron  to  be  en¬ 
tirely  without ;  and  this  will  account  for 
the  different  quantities  of  air  that  different 

per  ions 
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perfons  have  reported  to  have  found  both 
in  iron  and  in  fteel.  As  a  greater  quantity 
of  inflammable  air  was  procured  from  an¬ 
nealed  call  iron,  than  from  malleable  iron, 
I  think  it  may  be  concluded,  that  fteel 
(which  is  malleable  iron  annealed)  will 
always  give  more  air  than  iron,  provided 
that,  in  the  folution,  it  Ihould  yield  no 
greater  a  quantity  of  black  refiduum.  But 
in  general  there  is  much  more  of  it  found 
in  the  folution  of  fteel  than  in  that  of  iron. 

This  black  powder  which  remains  from 
the  folution  of  iron  or  fteel,  and  efpecially 
that  from  the  caft  iron  not  annealed,  which 
is  in  fuch  great  quantity,  well  deferves  to 
be  thoroughly  examined.  Having  made  a 
few  mifcellaneous  experiments  upon  it,  I 
fhall  here  give  the  refult  of  them.  Putting 
eighteen  grains  of  it  into  fpirit  of  fait,  there 
remained  eight  grains  undiflolved.  This 
was  of  a  grey  colour,  but  being  fprinkled 
iipon  hot  iron,  it  did  not  appear,  by  this  teft, 
to  contain  any  fulpbur . 

I  expofed  a  quantity  of  it  to  the  heat  of  the 
burning  lens  in  vacuo,  and  found  the  air  that 


was 
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was  expelled  from  it  to  be  one  ninth  fixed 
air,  and  the  reft  inflammable,  of  the  explo- 
five  kind.  Ten  grains  of  the  powder  gave 
nine  ounce  meafures  of  air ;  but  a  good  deal 
of  th  is  light  powdery  fubftance  was  una¬ 
voidably  loft  in  conveying  it  through  the 
water  after  the  procefs. 

This  matter  alfo  appears  to  contain  fome- 
thing  of  iron,  though  it  is  no  longer  folu- 
ble  in  oil  of  vitriol.  For  being  expofed 
to  the  heat  of  the  lens  in  open  air,  it  was 
melted,  and  weighed  juft  the  fame  before 
and  after  fufion,  which  had  alfo  been  the 
cafe  with  that  caft  iron  which  had  been 
imperfectly  diflolved  in  oil  of  vitriol,  and 
retained  its  form. 

From  the  air  which  this  black  powder 
gave,  it  may  be  concluded,  that  it  contains 
much  plumbago  but  that  which  remains 
after  the  folution  of  malleable  iron,  or 
fteel,  is  more  nearly,  or  perhaps  perfectly 
fo.  Nineteen  grains  of  this  (though  it  is 
poffible  that  fome  of  the  other  might  have- 
been  accidentally  mixed  with  it)  was  re¬ 
duced  to  fix  grains,  by  being  melted  with  • 
Vol.  Ill,  B  b  the 
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the  heat  of  the  lens  in  the  open  air,  and 
then  became  a  glafs,  or  flag  ;  which  was 
nearly  the  fame  refult  that  1  had  from  ge¬ 
nuine  plumbago,  the  greateft  part  of  which 
is  reduced  into  fixed  and  inflammable  air. 

The  procefs  of  cementation  is  not,  I  am 
perfuaded,  fufticiently  underftood.  It  is  the 
opinion  of  thofe  who  make  fteel,  that  the 
metal  neither  gains  nor  lofes  weight  in  the 
procefs.  Thofe  who  anneal  caft  iron  tell 
me,  that  it  lofes  confiderably  in  that  pro¬ 
cefs,  which  is  fimilar  to  that  of  making 
fteel,  though  the  iron  is  taken  in  very  dif¬ 
ferent  ftates.  On  the  contrary,  I  found 
both  malleable  iron  and  caft  iron  to  gain  a 
little  weight  by  cementation  in  my  fires. 
Seventy-two  grains  of  iron  wire  gained 
three  grains,  and  became  of  a  dark  black 
colour,  and  three  ounces  of  caft  iron  nails 
gained  fix  grains.  But  perhaps  the  heat 
that  I  ufed  was  too  great  for  the  purpofe. 
For  in  confequence  of  this  iron  will  attradt 
water,  and  become  in  part  Jcales  of  iron , 
which  is  always  attended  with  an  increafe 
of  weight;  whereas  in  the  fame  procefs 

with 
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with  a  long  continued  and  moderate  heat, 
it  is  very  poflible  that  fome  of  the  elements 
of  that  black  matter,  or  plumbago,  may  go 
out  of  the  iron,  and  join  the  charcoal, 
forming  perhaps  a  fulphur,  which  may  be 
fublimed,  and  difperfed  in  the  procefs. 

I  have  obferved  that  I  once  expelled  from 
fome  annealed  caft  iron  nails  fuch  inflam¬ 
mable  air  as  conftituted  fixed  air,  when  it 
was  decompofed  with  dephlogifticated  air, 
which  fhews  that  it  had  imbibed  fome  of 
that  kind  of  inflammable  air  which  is  pe¬ 
culiar  to  charcoal.  But  when  I  difiolved 
that  kind  of  iron  in  vitriolic  acid,  the  air 
was  the  very  fame  with  that  which  came 
from  malleable  iron,  no  fixed  air  being  pro¬ 
duced  in  the  decomposition  of  it. 
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SECTION  XXV. 


Experiments  on  Finery  Cinder . 

H  E  moft  ufeful  of  my  obfervations  on 


^  the  fubjedt  of  iron  relates  to  the  nature 
of  the  finery  cinder ,  the  fubftance  which,  I 
have  obferved,  runs  in  a  liquid  form  from 
caft  iron  in  the  procefs  of  converting  it  into 
malleable  iron.  This  has  generally  been 
confidered  as  a  thing  of  no  value ;  and  is 
commonly  thrown  away  as  fuch,  though  my 
brother-in-law,  Mr.  Wilkinson,  has,  with 
advantage,  made  ufe  of  a  certain  proportion 
of  it  in  the  fmelting  of  iron.  I  flatter  my- 
felf,  however,  that  by  a  due  attention  t© 
fome  obfervations  which  I  fhall  here  relate, 
this  fubftance  may  hereafter  be  employed  to 
more  advantage.  But  before  I  mention  this 
ufe  of  it,  in  reducing  it  to  iron,  I  fhall  recite 
fome  experiments  which  I  made  with  a  view 

Vlw 

to  afcertain  the  nature  of  it. 
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The  firft  thing  that  occurred  to  me,  was 
to  attempt  the  folution  of  it  in  the  feveral 
mineral  acids,  which  I  did  with  the  follow¬ 
ing  refults.  Putting  60  grains  of  it,  finely 
pulverized,  into  each  of  the  three  acids,  and 
leaving  them  two  or  three  days  to  digeft ; 
of  that  which  had  been  in  the  vitriolic,  and 
alfo  of  that  which  had  been  in  the  marine 
acid,  there  remained  15  grains  undiffolved ; 
but  of  that  which  had  been  expofed  to  the 
nitrous  acid,  40  grains.  Another  time,  I 
obferved  that  of  74  grains  expofed  to  the 
fpirit  of  fait,  30  remained  undiffolved. 

This  fubftance,  as  it  comes  from  the 
common  furnace,  is  feldom  without  fome 
portion  of  iron,  as  appeared  by  melting  it 
in  the  fun,  when  24  grains  of  it  gained  one 
grain  in  weight.  It  alfo  gained  a  little 
weight  when  I  expofed  it  to  the  action  of 
fleam  in  an  hot  earthen  tube. 

Finery  cinder,  when  liot,  readily  unites 
with  moft  kinds  of  earth,  greatly  promoting 
their  fufion,  in  the  fame  manner  as  the  fluory 
which  has  its  name  from  that  circumflance. 
Attempting  to  get  air  from  the  finery  cinder 
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in  an  earthen  retort,  70  ounces  of  it  yielded 
40  ounce  meafures  of  air  ;  but  as  the  retort 
was  diffolved,  and  moft  of  the  contents  run 
cut,  nothing  certain  could  be  pronounced 
concerning  the  origin  of  this  air,  of  the  laft 
portion  of  which  three- fourths  were  fixed 
air.  The  ftandard  of  the  refiduum  was 
1.67.  In  one  part  of  it  a  candle  was  ex- 
tinguifhed,  but  another  portion  was  flightly 
inflammable. 

The  circum fiance  that  firft  gave  me  an 
infight  into  the  real  nature  of  this  finery  cin¬ 
der,  was  my  having  found  a  piece  of  malle¬ 
able  iron  become  throughout  a  perfect  finery 
cinder,  in  confequence  of  being  left  in  th© 
open  fire  of  my  furnace,  when  the  heat  had 
been  very  great.  The  appearance  of  it  alone 
fatisfied  me,  that  it  was  the  fame  thing; 
and  comparing  it  in  a  variety  of  pro- 
ceffes  with  real  finery  cinder,  I  found  that 
they  did  not  differ  in  any  refpedh  They 
appeared  alfo  to  be  the  fame  fubftance  with 
the  feales  which  fall  off  from  iron  when  it 
is  heated  in  an  open  fire,  with  that  which 
malleable  iron  is  brought  to  by  being 
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melted  in  the  open  air,  or  in  dephiogifticated 
air,  and  alfo  by  being  expofed  to  the  addon 
of  fleam  when  it  is  red  hot.  In  all  the 
different  proceffes  recited  in  my  paper  on 
phlogifton,  it  was  perfectly  indifferent  which 
of  thefe  fubftances  I  made  ufe  of,  and  there¬ 
fore,  I  omit  to  mention  the  particulars. 

Finery  cinder  is  therefore  to  be  confidere^ 
as  iron  increafed  about  one  third  in  weight 
by  imbibing  pure  air,  or  rather  water,  though 
with  the  lots  of  its  own  phlogifton.  No¬ 
thing,  therefore,  is  wanting  to  bring  it  to 
the  ftate  of  iron  again,  but  the  expulfion  of 
the  pure  air  or  water,  with  which  it  is  fa- 
turated,  and  giving  it  the  phlogifton  which 
it  has  loft  :  and  this  is  readily  done  by  heat¬ 
ing  it  in  dole  veffels,  in  contad:  with  any 
thing  that  contains  phlogifton.  This  is 
effeded  in  the  moft  complete  manner,  by 
heating  it  with  a  burning  lens  in  inflammable 
air.  But  it  is  likewife  done  by  cementa¬ 
tion  with  charcoal,  with  coak  from  pitcoal, 
or  with  raw  coal.  In  all  thefe  proceffes, 
the  finery  cinder  lofes  about  one  third  of  its 
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weight,  and  is ,  then  perfectly  foluble  in 
acids,  and  attracted  by  the  magnet.  Con¬ 
sequently,  it  is  perfect  iron .  But  whether 
it  can  be  made  ufeful  iron,  and  in  a  manner 
fo  cheap  as  to  make  it  worth  the  while  of 
the  manufacturer  of  iron,  to  eftablilh  any 
work  for  the  purpofe,  is  not  for  me  to  fay. 
I  would  only  obferve,  that  iron  thus  made 
from  finery  cinder  in  my  retorts  is  not  in 
the  ftate  of  fimple  caji  iron ,  but  of  that 
which  is  annealed,  and  likewife  partially 
malleable0 
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ONE  of  my  former  experiments  which  I 
was  leaft  able  to  account  for,  was  the 
diminution  of  nitrous  air  in  a  bladder  fwim- 
ming  at  liberty  in  a  trough  of  water ;  the  con- 
fequencc  of  which  had  always  been,  that  in  a 
few  days  the  nitrous  air  was  diminifhed  to 
about  one  fourth,  and  this  was  phlogifti- 
cated  air.  All  the  progrefs  that  I  had  then 
made  in  the  inveftigation  of  this  curious 
fa£l,  was  finding  that  it  depended,  as  I  then 
thought,  upon  the  bladder  being  kept  alter¬ 
nately  dry  and  moift ;  becaufe  when  the 
bladder  was  kept  covered  with  water,  it 
remained  full,  and  the  air  within  it  was 
not  changed.  This  was  alfo  the  cafe  when 
the  bladder  was  kept  dry.  But  I  did  not 
confider  that  when  the  bladder  was  kept 
under  water,  there  was  no  air  in  contact 
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with  it  5  and  I  did  not  then  fufpecfi  that  this 
change  in  the  air  depended  on  the  addon  of 
the  nitrous  air  upon  the  external  common 
air  through  a  moift  bladder ;  though  I  had 
found  that  coagulated  blood  has  a  power  of 
acting  upon  air,  and  is  of  courfe  liable  to  be 
aded  upon  by  air,  through  any  bladder. 

At  length,  fufpeding  that  this  might  be 
the  cafe,  I  made  the  following  experiment. 
Taking  a  bladder  which  contained  twenty 
ounce  meafures  of  nitrous  air,  and  tying  it 
very  tight,  I  introduced  it  into  a  glafs  jar, 
which  contained  forty  ounce  meafures  of 
common  air ;  becaufe,  in  that  proportion, 
they  would  be  able,  if  they  had  any  mutual 
adion,  to  faturate  one  another.  Wifhing  at 
the  fame  time,  to  obferve  the  changes  that 
might  gradually  take  place  in  each  of  the 
kinds  of  air,  I  examined  them  both  at  dif¬ 
ferent  periods. 

The  procefs  was  begun  on  the  18th  of 
May,  and  on  the  21ft  I  found  that  there 
were  only  34  ounce  meafures  of  the  common 
air,  and  eleven  of  the  nitrous,  the  bladder 
being  quite  found  ;  fo  that  it  was  fufficiently 
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evident,  that  the  two  kinds  of  air,  had  af¬ 
fected  each  other  through  the  fubftance  of 
the  bladder.  On  the  25th  of  the  fame 
month  there  were  3 if  ounce  meafures  of 
the  common  air,  and  four  and  a  half  of  the 
nitrous  ;  and  examining  the  ftate  of  both  of 
them,  I  found  the  ftandard  of  the  common, 
air  to  be  i.S,  which  was  a  ftate  very  near 
that  of  extreme  phlogiftication  ;  and  that  of 
the  nitrous  1.7.  That  is,  equal  meafures  of 
this  and  of  common  air,  occupied  the  fpace 
of  1.7  meafures,  which  ftiews  that  it  had  al- 
moft  loft  its  power  of  affecting  common  air, 
or  to  exprefs  myfelf  perhaps  more  corredtly, 
there  was  but  a  fmall  proportion  of  nitrous 
air  in  it. 

On  the  3th  of  June  I  examined  them 
for  the  laft  time,  after  having  oblerved  no 
farther  change  for  fome  days  in  the  quan¬ 
tity  of  the  common  air  (as  indicated  by 
marks  which  I  had  made  on  the  outlide  of 
the  jar)  and  I  found  only  28  ounce  mea¬ 
fures  of  the  common  air,  of  the  fame  qua¬ 
lity  as  when  I  had  examined  it  before, 
viz.  of  the  ftandard  of  1.8,  and  only  three 
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ounce  meafures  of  the  nitrous  air,  which  did 
not  affed  common  air  at  all.  Neither  of 
them  contained  any  portion  of  fixed  air, 
and  both  of  them  extinguished  a  candle. 

Nothing  now  remained  to  my  complete 
fatisfadion,  with  refped  to  my  former  ob- 
fervation  of  the  diminution  of  nitrous  air, 
contained  in  a  bladder.  But  I  farther 
wifhed  to  fatisfy  myfelf  with  refped  to  the 
adion  of  inflammable  air9  on  either  common 
or  dephlogifticated  air,  in  the  fame  circum- 
ftances.  Nitrous  air  affeds  pure  air  by 
fimple  con  tad,  without  ignition ;  whereas, 
inflammable  air,  I  had  obferved,  has  very 
little  effed  upon  pure  air  when  they  are 
Amply  mixed  together.  I  was,  therefore, 
furprized  to  find  that  inflammable  air  has  a 
very  considerable  adion  upon  dephlogifti¬ 
cated  air  through  a  bladder,  without  any 
affiftance  from  heat ;  and  moreover,  that 
the  union  of  thefe  two  kinds  of  air,  thus 
produced,  forms  fixed  air.  The  experi¬ 
ments  which  I  made  for  this  purpofe,  were 
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Into  ajar  containing  123  ounce  meafures 
of  dephlogifticated  air,  I  introduced  a  blad¬ 
der,  containing  23  ounce  meafures  of  inflam¬ 
mable  air  ;  and  after  a  few  days,  I  obferved 
that  the  bladder  in  which  it  was  contain- 
ed  was  become  a  little  flaccid.  After  about 
three  weeks,  I  examined  both  the  kinds  of 
air,  and  found  that  the  bladder  contained 
only  two  ounce  meafures,  and  that  this  was 
no  longer  inflammable,  but  extinguished  a 
candle,  though  it  had  in  it  a  mixture  of 

I  ' 

pure  air.  The  air  within  the  jar  then  con¬ 
tained  one  twentieth  of  its  bulk  of  fixed  air. 
The  dephlogifticated  air  was  diminiihed 
feven  ounce  meafures  ;  and  from  being  of 
the  ftandard  of  0.5,  with  two  equal  mea¬ 
fures  of  nitrous  air,  it  was  now  become 
of  1.4.  The  bladder  had  a  flight  fmell  of 
putrefaction,  but  it  was  perfectly  air  tight. 

It  is  obfervable,  that  in  this  experiment 
part  of  the  dephlogifticated  air  had  pafled 
unchanged  into  the  bladder  of  inflammable 
air,  whereas  the  inflammable  air  which  had 
pafled  through  the  bladder  into  the  dephlo¬ 
gifticated  air,  had  united  to  it,  and  formed 
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fixed  air.  The  tranfmiflion  of  the  dephlo¬ 
gifticated  air  through  the  bladder  was  much 
more  remarkable  in  the  following  experi¬ 
ment. 

Having  introduced  a  bladder  filled  with 
inflammable  air  into  a  large  jar  of  dephlo- 
gifticated  air,  the  bladder,  after  two  days 
only,  had  in  it  a  great  mixture  of  dephlo¬ 
gifticated  air,  and  was  as  much  diftended  as 
when  it  was  firft  put  into  the  jar.  A 
quantity  of  it  exploded  exactly  like  a  mix¬ 
ture  of  one-third  dephlogifticated,  and  two- 
thirds  inflammable  air.  The  bladder  was 
perfectly  found  and  fweet,  and  the  dephlo¬ 
gifticated  air  was  not  fenfibly  altered. 

Again,  having  introduced  a  bladder  con¬ 
taining  ten  ounce  meafures  of  inflammable 
air  into  a  jar  containing  100  ounce  meafures 
of  dephlogifticated  air,  of  the  ftandard  of 
0.3,  I  found,  about  a  month  afterwards, 
that  the  air  in  the  jar  was  diminifhed  to  90 
ounce  meafures,  and  the  inflammable  air  to 
five  ounce  meafures  and  an  half.  The  qua¬ 
lity  of  the  air  in  the  bladder  and  of  that  in 
the  jar  was  very  nearly  the  fame,  though  the 

bladder 
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bladder  was  perfectly  found  and  fweet. 
The  air  in  the  bladder,  with  equal  meafures 
of  nitrous  air,  was  of  the  ftandard  of  0.76, 
and  that  in  the  jar  of  0.74.  Both  of  them 
alfo  contained  a  final!  portion  of  fixed  air. 
In  this  cafe,  therefore,  both  the  kinds  of  air 
had  not  only  been  tnanfcnitted  through  the 
bladder,  but  fome  decompofition  had  alfo 
taken  place  within  it,  as  well  as  within  the 
jar. 

In  another  experiment  of  this  kind,  both 
the  bladder  of  inflammable  air,  and  the  jar 
of  dephlogifticated  air,  after  fome  time,  con¬ 
tained  each  of  them  a  portion  of  fixed  air, 
and  iikewife  both  the  kinds  of  air  unaffect¬ 
ed  by  each  other.  For  both  of  them  ex¬ 
ploded  when  they  were  examined  fepa- 
lately. 

I  had  fome  fufpicion  that  the  fixed  air 
in  this  procefs  might  have  come  from  the 
putrefaction  of  the  bladder ;  efpecially  as 
in  one  of  the  cafes  the  fmell  of  it  was  vcrv 
fenfibly  putrid.  To  determine  this,  I  put 
a  bladder  filled  with  inflammable  air  into  a 
jar  containing  inflammable  air  Iikewife,  and 
'  let 
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let  it  continue  there  till  it  was  quite  pu¬ 
trid,  and  diflblved.  But  after  this  I  found 
no  fenfible  quantity  of  fixed  air  in  the  jar. 
I  therefore  concluded,  that  the  fixed  air 
which  I  found  in  the  preceding  experi¬ 
ments,  came  undoubtedly  from  the  union 
of  the  inflammable  and  dephlogifticated  air, 
in  confequence  of  their  adting  upon  each 
other  through  the  fubftance  of  the  bladder. 

It  feems  to  follow  from  thefe  experi¬ 
ments,  that  fixed  air  is  really  formed  when 
inflammable  air  of  charcoal,  &c.  is  exploded 
together  with  dephlogifticated  air ;  and  alfo 
that  the  greatnefs  of  the  heat  prevents  its 
formation,  when  inflammable  air  from  me¬ 
tals  is  ufed.  For  though,  in  the  explofions 
with  the  eledtric  fpark,  no  fixed  air  was 
produced  from  the  decompofition  of  the 
pureft  inflammable  air,  it  was  evidently  fo 
with  the  fame  kind  of  inflammable  air  in 
thefe  experiments  with  a  bladder,  in  which 
no  heat  is  ufed. 
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SECTION  XXVII. 

MISCELLANEOUS  EXPERIMENTS. 

l.  Of  the  Influence  of  Water  on  Phlogiflicated 

Air. 

IN  the  infancy  of  my  experiments  I  con¬ 
cluded  that  all  kinds  of  air  were  brought 
by  agitation  in  water  to  the  fame  ftate,  the 
pureft  air  being  partially  phlogifticated,  and 
air  completely  phlogiflicated  being  thereby 
made  purer  •,  inflammable  air  alfo  loflng  its 
inflammability,  and  all  of  them  being 
brought  into  a  luch  a  Rate,  as  that  a  candle 
would  juft  go  out  in  them.  This  inference 
I  made  from  all  the  kinds  of  air  with  which 
I  was  then  acquainted,  and  which  did  not 
require  to  be  confined  by  mercury,  being 
brought  to  that  ftate  by  agitation  in  a 
trough  of  water,  the  furface  of  which  was 
expofed  to  the  open  air ;  never  imagining 
Vol.  III.  C  c  that 
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that  when  the  air  in  my  jar  was  feparated 
from  the  common  air  by  a  body  of  water, 
generally  about  twelve  inches  in  depth, 
(adding  that  within  to  that  without  the 
jar)  they  could  have  any  influence  on  each 
other.  I  have,  however,  been  long  con¬ 
vinced  that,  improbable  as  it  then  appeared 
to  me,  this  is  actually  the  cafe,  though  a 
fadt  fo  remarkable  well  deferves  to  be  far¬ 
ther  attended  to. 

As  I  have  no  where  recited  any  experi¬ 
ments  which  prove  that  this  change  in  the 
ftate  of  the  air,  agitated  in  water,  depends 
upon  that  water  having  fome  communica¬ 
tion  with  the  atmofphere,  I  {hall  do  it  here, 
after  an  account  of  fome  other  experiments, 
from  which  it  is  equally  evident  that,  not- 
withftanding  every  poflible  precaution,  the 
air  will  be  changed  if  there  be  that  com¬ 
munication. 

I  agitated,  a  quarter  of  an  hour,  about 
three  ounce  meafures  of  air,  phlogifiicated 
with  nitrous  air,  in  a  veflel  containing  20 
ounces  of  water,  which  had  been  boiled  fe- 
veral  hours,  and  while  it  was  very  warm  $ 

after 
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after  which  it  was  ditninifhed  one-fix th, 
and  was  fo  much  improved,  that  the  ftandard 
of  it  was  1.74.  The  next  day  I  agitated 
the  remainder  of  it  another  quarter  of  an 
hour  in  the  water  which  had  been  boiled  at 
the  fame  time,  when  it  was  diminifhed 
about  one-tenth,  and  the  ftandard  of  it  was 

I#57* 

I  alfo  agitated  the  fame  quantity  of  air, 
phlogifticated  with  iron  filings  and  brim- 
Hone,  in  the  fame  manner  twenty  minutes, 
when  it  was  diminifhed  one-feventh,  and 
the  ftandard  of  it  was  1.66. 

I  afterwards  expelled  a  little  air  from  the 
water  in  which  this  air  had  been  agitated ; 
and  from  that  with  which  the  firft  of  thefe 
experiments  was  made,  I  got  air,  the  ftan¬ 
dard  of  which  was  1 .66;  and  from  the  water 
in  which  the  fecond  experiment  was  made 
air  of  the  ftandard  of  1.33.  In  this  a  candle 
would  have  burned.  It  is  evident,  from  the 
diminution  of  the  air  in  thefe  experiments, 
that  part  of  it  is  abforbed  by  the  water. 
But  it  is  no  lefs  evident,  as  will  appeal  by 
the  next  experiment,  that  the  place  of 

C  c  2  lb  me 


388  Mifcellaneous  Experiments. 

fome  part  of  the  air  which  had  been  abforbed 
was  fupplied  by  a  purer  air,  which  the  water 
had  imbibed  from  theatmofphere.  That  wa¬ 
ter  does  imbibe  the  purer  part  of  atmofpheri- 
cal  air,  in  preference  to  that  which  is  impure, 
is  evident  from  any  examination  of  it.  For 
if  the  water  be  clear,  and  free  from  any 
thing  that  is  putrefeent,  the  air  expelled 
from  it  by  heat  is  generally  of  the  ftandard 
of  i.o;  whereas  that  of  the  atmofphere, 
when  the  nitrous  air  is  the  pureft,  is  about 

J.2. 

But  the  experiment  which  decifively 
proved  that  my  former  conclufion  was  falla¬ 
cious  was  the  following.  After  expelling  all 
air,  by  boiling,  from  a  quantity  of  water, 
I  put  to  it,  in  feparate  phials,  air  that  had 
been  phlogiflicated  with  iron  filings  and 
brimftone  ;  and  corking  them  very  well, 
I  left  them  with  their  mouths  in  water,  and 
I  occafionally  agitated  them.  After  about 
twro  months  I  examined  them,  and  I  found 
both  the  air  that  was  confined  by  the  wa¬ 
ter,  and  alfo  that  air  which  by  heat  I  ex¬ 
pelled  from  the  water,  completely  phlo- 

gifticated. 
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gifticated.  The  fame  was  the  refult  of  a 
fimilar  experiment,  in  which  the  air  had 
been  expelled  from  the  water  by  the  air 
pump. 

2.  Of  Air  produced  more  or  lefs  rapidly . 

IT  was  one  of  my  firft  obfervations  on  the 
fubjedt  of  air,  that,  in  feveral  cafes,  a  much- 
greater  quantity  of  air.  was  produced  by  a 
rapid,  than  by  a  flow  procefs.  I  have  fe¬ 
veral  times  verified  this  fadt,  though  I  can¬ 
not  very  fatisfadtorily  account  for  it.  In 
my  late  experiments  I  had  an  inftance  of 
it,  which  it  may  be  proper  to  recite. 

From  an  ounce  and  an  half  of  whiting  in 
a  gun  barrel  I  got,  with  a  hidden  and  great 
heat,  240  ounce  meafures  of  air,  of  which 
fome  portions  contained  nine  tenths  of 

fixed  air,  and  the  refiduum  burned  with  a 

I 

lambent  blue  flame.  Repeating  the  fame 
procefs  very  llowly,  I  got  no  more  than  150 
ounce  meafures  of  air  from  the  fame  quan¬ 
tity  of  whiting.  And  again  repeating  the 
procefs  with  a  greater  and  a  more  fudden 

C  c  3  heat 
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heat  than  at  firft,  I  got,  from  the  fame 
quantity  of  materials,  270  ounce  meafures 
of  air. 

3.  Of  different  kinds  of  Air  remaining  diffufed 
through  each  other  without  uniting . 

IN  my  former  publications  I  obferved 
that,  when  any  two  kinds  of  air,  of  the 
greateft  different  fpecific  gravities,  and  with¬ 
out  any  known  caufe  of  attradtion  to  each 
other,  are  mixed  together  in  the  fame  vef- 
fel,  they  are  never  feparated  by  mere  reft, 
but  continue  equally  diffufed  through  each 
other.  This  at  leaft  I  found  to  be  the  cafe 
with  jrefpedt  to  all  the  kinds  of  air  that  can 
be  confined  by  water,  and  feveral  of  thofe 
that  only  can  be  confined  by  mercury,  ex¬ 
cept  that  inflammable  air  always  remains 
feparate  from  acid  or  alkaline  air,  though 
contained  in  the  fame  veffel.  I  had  lately 
a  very  clear  proof  of  this  with  refpedt  to 
dephlogifticated  and  inflammable  air. 

Having  filled  the  ftrong  glafs  veffel,  fig. 

5,  in  which  I  ufually  fire  them  by  the  elec- 

1  trie 
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trie  fpark,  with  the  ufual  mixture  of  one 
third  dephlogifticated  and  two  thirds  in¬ 
flammable  air,  I  let  it  remain  in  a  perpen¬ 
dicular  pofition  all  night,  in  which  there 
was  certainly  time  enough  for  them  to  have 
feparated  from  each  other,  if  their  very  dif¬ 
ferent  fpecific  gravities  would  have  difpofed 
them  to  do  fo.  But  though  the  two  wires 
between  which  the  explofion  is  made  were 
at  the  very  top  of  the  veflel,  which  in  the 
cafe  of  a  feparation  would  have  been  the 
region  of  pure  inflammable  air  (which  can- 
not  take  fire  of  itfelf)  yet  when  the  fpark 
pafled  between  them,  the  two  kinds  of  air 
were  exploded  as  completely  as  they  could 
have  been  immediately  after  they  had  been 
mixed. 

It  is  alfo  obfervable,  that  the  phlogifti- 
cated  and  dephlogifticated  air  which  com- 
pofe  the  atmofphere  are  of  very  different 
natures,  though  without  any  known  prin-  ’ 
ciple  of  attraction  between  them,  and  alfo 
of  different  fpecific  gravities ;  and  yet  they 
are  never  feparated  but  by  the  chemical  at¬ 
traction  of  fubftances,  which  unite  with  the 

C  c  4 
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one,  and  leave  the  other,  as  in  all  thofe  pro- 
celTes  which  I  have  termed  phlogiftic. 


4.  Of  the  Ice  ofJVatcr  impregnated  with  Vi¬ 
triolic  Acid  Air. 

I T  is  remarkable  that  water  impregnated 
with  vitriolic  acid  air  retains  all  its  air  when 
it  is  frozen,  though  every  other  kind  of  air 
(if  the  liquor  containing  it  can  be  frozen  at 
all)  is  feparated  from  it  in  the  adt  of  freez¬ 
ing.  I  have  now  farther  obferved,  that  this 
ice  finks  in  the  liquor  from  which  it  is 
frozen,  in  which  it  refembles  the  ice  of  oil. 
This  is  a  fadt  which  I  barely  mention, 
without  having  any  theory  to  account  for  it. 

5.  Of  the  Precipitate  from  the  Solution  of 

,  :  »  X  ft' t  •> 

Metals  by  Heat. 

IN  my  fourth  volume  of  experiments  I 
have  recited  many  on  liquors  expofed  to 
a  long  continued  heat,  in  glafs  tubes  her¬ 
metically  fealed,  and  among  other  things 
obferved  a  remarkable  depofit  from  the  fo- 
3  lution 
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lution  of  mercury ,  and  alfo  that  of  copper 
in  fpirit  of  nitre.  But  they  both  require  a 
considerable  time.  I  have  iince  found  that 
the  depofit  from  iron ,  and  from  copper  in 
volatile  alkali,  are  made  much  fooner. 

In  a  glafs  veifel  hermetically  fealed,  a 
good  deal  of  iron  was  precipitated  in  the 
form  of  red  earth  from  a  weak  folution  of 
it  in  fpirit  of  fait,  placed  in  a  fand  heat, 
only  a  fingle  day.  It  was  alfo  precipitated 
in  great  abundance  from  a  folution  of  fpi¬ 
rit  of  nitre  in  the  fame  time.  In  this  cafe 
the  veflel  was  not  quite  clofed,  fo  that  a 
little  could  evaporate.  The  remaining  li¬ 
quor  was  quite  colourlefs. 

Copper  was  precipitated  in  the  form  of 
a  deep  blue  earth,  from  a  folution  of  it  in 
volatile  alkali  at  the  fame  time ;  but  the 
remaining  liquor  was  almoft  as  blue  as  at 
firft.  The  folid  precipitate  fmelled  ftrong 
of  the  volatile  alkali,  as  well  as  the  folution 
itfelf. 


6.0/ 
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6:  Of  heating  Iron  in  fluor  acid  Air . 

HAVING  mentioned  the  effedl  of 
heating  various  fubftances  in  different  kinds 
of  air  by  means  of  a  burning  lens,  that  I 
may  not  omit  to  mention  any  thing  that 
I  have  obferved  of  the  kind,  and  that  I  can 
think  any  perfon  might  wifli  to  be  informed 
of,  I  (hall,  in  this  mifcellaneous  fedtion, 
recite  the  following  experiments. 

Throwing  the  focus  of  the  lens  upon 
iron  turnings  in  fluor  acid  air,  a  denfe  white 
fume  prefently  filled  the  vcfiel,  and  during 
the  procefs  the  heat  was  remarkably  great, 
fo  that  I  could  not  touch  the  upper  part 
of  the  glafs  vefiel  in  which  the  experiment 
was  made.  The  quantity  of  air  was  con- 
fiderably  diminifhed,  and  a  quantity  re¬ 
mained  that  was  not  abforbed  by  water, 
but  not  enough  to  examine  it. 


7.  Of  the  Solution  of  Precipitate  per  fe  in 

Spirit  of  Salt . 

PRECIPITATE  per  fe  diffolves  with 
great  rapidity  in  fpirit  of  fait.  A  quantity 
of  this  folution  I  impregnated  with  nitrous 

vapour 
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vapour,  on  which  the  furface  of  the  fluid, 
and  the  fades  of  the  phial,  were  inftantly 
covered  with  cryftals,  larger  than  thofe  of 
the  precipitate.  The  colour  of  the  liquor 
was  then  of  a  light  blue,  or  green.  After* 
wards  it  aflumed  a  deep  brown,  inclining 
to  yellow,  and  a  great  quantity  of  white 
matter  was  depofited,  occupying  almoft  the 
whole  fpace  of  the  liquor.  This  mu  ft,  I 
prefume,  have  been  corrofive  fublimate,  the 
pure  air  from  the  precipitate  having  dephlo- 
gifticated  the  fpirit  of  fait,  which  is  a  ne- 
ceflary  circumftance  in  this  preparation. 

8 .  Of  Air  extracted  from  the  IF ater  that  is 
ufeful  in  fertilizing  Meadows. 

I  T  has  been  found  that  meadows  watered 

♦ 

with  a  frefh  fpring  produce  abundance  of 
grafs  without  any  manure.  Having  had 
reafon  to  think  that  phlogifton,  adminiftered 
in  fome  form  or  other,  is  the  food  of  plants, 
I  imagined  that  this  water,  being  in  itfelf 
pure,  and  free  from  all  putrefcent  matter, 
muft  contain  phlogifticated  air,  efpecially 
as  I  had  been  told  that  the  water  is  only 

ufeful 
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ufeful  after  its  firft  iffuing  from  the  earth, 
and  that  the  firft  meadows  it  overflows  are 
thofe  which  receive  the  moft  benefit  from  it. 

I  therefore  defired  Mr.  Young,  to  whom 
this  country  owes  fo  much  for  the  attention 
that  he  has  given  to  the  bufinefs  of  agricul¬ 
ture,  to  fend  me  a  quantity  of  fuch  water  as 
had  been  found  to  be  moft  ufeful  in  ferti¬ 
lizing  meadows.  He  was  fo  obliging  as  to 
fend  me  two  bottles  of  fuch  water ;  and  as 
foon  as  I  received  them  I  expelled  from 
them  the  air  they  contained,  and  found  that 
which  was  in  one  of  them,  fufficiently  im¬ 
pure,  the  ftandard  of  it  being  1.4  •>  but  that 
in  the  other,  was  fuch  as  is  ufually  contained 
in  water  that  has  been  long  expofed  to  the 
atmofphere,  being  of  the  ftandard  of  1.0  5 
fo  that  I  imagined  it  had  not  been  fuffi- 
ciently  well  corked.  After  the  water  in  the 
other  bottle  had  been  expofed  a  few  days 
to  the  open  air,  the  air  contained  in  it  was 
of  the  fame  quality.  Upon  the  whole,  I 
think  that  the  experiment  was  fufficiently 
favourable  to  the  hypothefis,  but  more  ought 
to  be  made,  and  if  poffible,  on  the  fpot. 
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g.  Of  Water  heated  in  Gun  Barrels  welded 

up. 

A  S  inflammable  air  was  produced  in  fome 
experiments,  in  which  I  endeavoured  to 
change  the  nature  of  water  by  making  it  red 
hot  in  a  gun-barrel,  the  orifice  of  which 
was  welded  up,  it  may  not  be  improper 
juft  to  mention  them  in  this  place.  They 
will  likewife  ferve  to  fhew  the  expanfive 
force  of  water  in  that  ftate.  The  experi¬ 
ments  were  made  in  March  1  783. 

Putting  16  grains  of  water  into  a  gun- 

* 

barrel,  containing  \\  ounce  meafures,  I  got 
it  welded  up;  and  making  it  red  hot,  it  burft 
in  the  middle  after  a  few  minutes.  I  afcer- 
tained  the  quantity  of  water,  by  putting  it 
into  a  fmall  glafs  tube,  which  I  fealed  her¬ 
metically,  and  put  within  the  gun-barrel. 

I  then  put  fix  grains  of  water  into  the 
thicker  half  of  a  mulket  barrel,  and  three 
grains  and  a  half  into  a  thinner  barrel. 
Thefe  did  not  burft  when  they  were  red  hot, 
and  being  pierced  under  water,  inflammable 
air  ruftied  out.  I  repeated  thefe  experiments, 

and 
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and  always  had  the  fame  refult ;  inflam¬ 
mable  air  being  procured,  when  the  gun- 
barrels  were  opened  under  water ;  and  if 
the  water  was  in  fufhcient  quantity,  part 
of  it  at  leaft  (for  I  could  not  meafure  it 
with  exadtnefs)  was  found  in  the  barrel. 

io.  Of  the  Solution  of  Iron  in  phlogiflicated 
and  de phlogiflicated  nitrous  Acid 

THAT  the  giving  of  nitrous  air  depends 
upon  phlogifion,  is  evident  from  the  pheno¬ 
mena  which  attend  the  folution  of  iron  in 
phlogiflicated  and  dephlogiflicated  acids. 
Pouring  a  fmall  quantity  of  phlogiflicated 
nitrous  acid  into  a  large  quantity  of  water, 
which  had  iron  wire  in  it,  it  prefently  be¬ 
came  of  a  dark  colour ;  but  this  was  foon 
precipitated,  and  the  folution  affumed  a 
lighter  colour.  I  then  poured  off  the  folu¬ 
tion,  which  was  of  a  flight  brown  colour, 
and  pouring  into  it  more  phlogiflicated  ni¬ 
trous  acid,  it  immediately  became  of  a  very 
dark  colour,  and  emitted  air  copioufly. 


On 
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On  examination  it  appeared  to  be  ftrong 
nitrous  air.  After  the  emiffion  of  this 
air,  the  dark  colour  difappeared.  Thefe 
phenomena,  therefore,  exadtly  refembled 
thofe  of  a  folution  of  green  vitriol,  which 
aflumes  a  dark  colour  by  imbibing  nitrous 
air,  and  becomes  clear  again  by  the  expul- 
lion  of  it.  The  dark  green  fpirit  of  nitre 
had  the  fame  effedt  as  the  brown  phlogifti- 
cated  acid,  but  the  dephlogifticated  nitrous 
acid  had  no  fuch  effedt. 

It  is  eafy  to  make  a  pretty  ftrong  folution 
of  iron  in  dephlogifticated  nitrous  acid  that 
fhall  be  green  and  give  no  air,  if  it  be  kept 
very  cold  during  the  procefs.  But  if  phlo- 
gifticated  nitrous  acid  be  poured  into  the 
folution,  it  prefently  becomes  very  black, 
and  emits  air.  This  blacknefs  will  fome 
times,  if  the  nitrous  acid  be  very  volatile, 
go  off  almoft  immediately  ;  but  in  all  cafes 
it  will  do  fo  in  time ,  and  leave  the  liquor 
like  water,  or  with  a  flight  tinge  of  yellow ; 
owing  probably  to  part  of  the  ochre  having 
imbibed  pure  air,  and  thereby  tending  to  be¬ 
come  red. 


Nitrous 
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Nitrous  air  alfo  admitted  to  a  green  fo- 
lution  of  iron  in  nitrous  acid  immediately 
turns  it  black,  juft  as  it  does  a  folution  of 
green  vitriol. 

Phlogifticated  nitrous  acid  dropped  into  a 
folution  of  green  vitriol  alfo  makes  it  black. 
The  green  folution  of  iron  in  fpirit  of  nitre, 
yields  very  little  air  by  heat,  and  this  is  not 
nitrous  air.  When  charcoal  was  put  into 
it,  and  heated,  it  alfo  gave  little  or  no  air. 


SECTION  XXVIII. 

Obfervations  relating  to  Theory. 

*>.  ♦  v  •  '  '  *  ....  ■  \.k' 

^  r.  V»-  ■  *  '  .  9  *  * 

IT  is  always  our  endeavour,  after  making 
experiments,  to  generalize  the  conclulions 
we  draw  from  them,  and  by  this  means  to 
form  a  theory ,  or  fyfiem  of  principles ,  to  which 
all  the  fadts  may  be  reduced,  and  by  means 
of  which  we  may  be  able  to  fore  tel  the  re- 

fults 
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fult  of  future  experiments.  With  a  view  to 
this,  it  has  of  late  been  a  great  object  with 
philofophers  to  afcertain  the  number  of 
elements  that  are  neceffary  to  confiitute  all 
the  fubftances  with  which  we  are  acquainted, 
and  efpecially  the  different  kinds  of  air,  to 
which  our  attention  has  been  much  directed, 
in  confequence  of  their  feeming  to  bring  us 
a  little  nearer  to  the  ultimate  conftituent 
parts  of  bodies  ;  finding  that  by  their  union 
they  are  capable  of  forming  folid  maffes. 

In  my  former  publications  I  have  fre¬ 
quently  promifed  to  give  fuch  a  general 
theory  of  the  experiments  in  which  the  dif¬ 
ferent  kinds  of  air  are  concerned,  as  the  pre- 
fent  ftate  of  our  knowledge  of  them  will 
enable  me  to  dp.  But,  like  Simonides  with 
refpedt  to  the  queftion  that  was  propofed 
to  him  concerning  God,  I  have  deferred 
it  from  time  to  time ;  and  indeed  I  am 
more  than  ever  difpofed  to  defer  it  flill 
longer,  as  I  own  that  I  am  at  prefent  even 
lefs  able  to  give  fuch  a  theory  as  fhall  fa- 
tisfy  myfelf,  than  I  was  fome  years  ago ; 
new  difficulties  having  arifen,  which  un- 

Vol.  Ill,  D  d  hinge 
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hinge  former  theories,  and  more  experiments 
being  necedary  to  edablifh  new  ones. 

Fluctuating,  however,  as  the  prefent  date 
of  this  branch  of  knowledge  is,  I  do  not 
think  that  I  can,  on  this  occafion,  intirely 
decline  giving  feme  obfervations  of  a  theo¬ 
retical  nature ;  and  though  I  cannot  pre¬ 
tend  to  perform  ihe  whole  of  my  promife, 
I  (hall,  at  the  clofe  of  this  volume,  give  a 
fummary  view  of  what  appears  to  me  to  be 
the  condituent  parts  of  all  the  kinds  of  air 
with  which  we  are  acquainted,  and  a  more 
particular  account  of  the  hypothefis  con¬ 
cerning  phlogidon,  which  is  at  prefent 
more  an  object  of  difeuffion  than  any  thing 
elfe  of  a  theoretical  nature.  The  fketch 
that  I  (hall  give  will  at  lead;  ferve,  like  our 
former  theories,  to  amufe  us  when  we  look 
back  upon  it,  after  having  gained  a  more 
perfect  knowledge  of  the  fuBjeCt. 

The  only  kind  of  air  that  is  now  thought 
to  be  properly  elementary ,  and  to  coniid 
of  a  fimple  fub dance,  is  dephlogijhcated  air7 
with  the  addition  at  lead  of  the  principle  of 
heat ,  concerning  which  we  know  very  little ; 

"  and 
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and  as  it  is  not  probable  that  this  adds  any¬ 
thing  to  the  weight  of  bodies,  it  can  hardly 
be  called  an  element  in  their  compofition. 
Dephlogifticated  air  appears  to  be  one  of  the 
elements  of  water,  of  fixed  air,  of  all  the 
acids,  and  of  many  other  fubftances,  which, 
till  lately,  have  been  thought  to  be  fimple. 
The  air  of  the  atmofphere,  exclufive  of  a 
great  variety  of  foreign  impregnations,  ap¬ 
pears  to  confift  of  dephlogifticated  and 
phlogifticated  air. 

Till  Mr.  Cavendish’s  fine  experiment 
on  phlogiflicated  air ,  this  was  imagined  to 
be  a  fimple  fubftance,  and  we  entertained 
no  hope  of  being  able  to  decompofe  it ;  but 
in  this,  he  has,  to  all  appearance,  happily 
fucceeded,  and,  very  contrary  to  my  expec¬ 
tations,  has  fhewn  that  it  confifts  of  nitrous 
acid  and  phlogifton  ;  this  acid  having  al¬ 
ways  been  produced  by  decompofing  it 
with  a  fufficient  quantity  of  dephlogifticat¬ 
ed  air.  I  fee  nothing  to  object  to  his  ex¬ 
periment,  and  I  confider  it  as  one  of  the 
greateft  difcoveries  on  the  fubjedt  of  air;  but 
I  am  at  a  lofs  to  account  for  forne  produc- 

D  d  2  tions 
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tions  of  phlogifticated  air,  in  which  no  ni¬ 
trous  acid  is  concerned.  At  leaft  we  get 
air  which  has  all  the  known  properties  of 
phlogifticated  air,  as  its  extinguifhing  a 
candle,  being  fatal  to  animals,  and  not  be- 
ing  affeCted  either  by  nitrous  air,  or  by 
lime  water,  in  heating  charcoal  and  red  pre¬ 
cipitate,  in  the  decompofition  of  alkaline 
air,  &c.  If  the  phlogifticated  air  procured 
in  thefe  proceffes  be  refolvable  into  nitrous 
acid,  like  that  of  which  the  atmofphere 
confifts,  we  fhal!  be  more  embarraffed  than 
ever  with  refpeCt  to  our  theories  concerning 
air,  fince  the  elements  of  nitrous  acid  muft 
then  be  found  where  they  were  leaft:  expect¬ 
ed.  Since,  however,  in  my  experiments, 
volatile  alkali  was  produced  from  nitrous 
air  and  iron,  the  production  of  phlogifticat¬ 
ed  air  from  alkaline  air  may  not  be  thought 
extraordinary  on  this  fuppofition,  viz.  of 
phlogifticated  air  containing  nitrous  acid. 

Perhaps  fome  part  of  the  difficulty  may 
be  relieved,  by  making  a  little  alteration  in 
the  hypothefis  of  Mr.  Cavendish,  and 
iuppofing,  agreeably  to  the  fome  experi¬ 
ments 
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ments  recited  in  this  volume,  that  the  acid 
principle  is  fupplied  by  the  dephlogifticated' 
air,  while  the  nitrous  air  gives  the  bafe  of 
the  nitrous  acid,  and  phlogifton  ;  and  then 
this  air  may  perhaps  be  confidered  as  phlo¬ 
gifton  combined  not  with  all  the  neceffary 
elements  of  nitrous  acid,  but  only  what  may 
be  called  the  bafe  of  it,  viz.  the  dephlogif- 
ticated  nitrous  vapour,  or  fomething  which, 
when  united  to  dephlogifticated  air,  will 
conftitute  nitrous  acid. 

Fixed  air  feems  to  be  a  compound  of 
phlogifton  and  dephlogifticated  air,  without 
any  water,  and  for  this  reafon,  perhaps  a  red 
heat  may  be  as  requiiite  to  form  the  union 
between  them,  as  it  is  to  form  that  between 
phlogifton  and  vitriolic  acid,  in  the  compo^ 
fition  of  fulphur,  which  likewife  contains 
no  water.  It  is  fomething  remarkable,  that 
two  fubftances,  fo  different  from  each  other 
as  fixed  air  and  water,  Ihould  be  analyzed 
into  the  fame  principles.  But  there  is  this 
difference  between  them,  that  water  is  the 
union  not  of  pure  phlogifton  but  ot  inflam¬ 
mable  air  and  dephlogifticated  air, 

D  d  3  Inflammable 
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Inflammable  air  feems  now  to  confifl  of 
water  and  inflammable  air,  which,  however, 
feems  extraordinary,  as  the  two  fubftances  are 
hereby  made  to  involve  each  other,  one  of 
the  conftituent  parts  of  water  being  inflam¬ 
mable  air,  and  one  of  the  conftituent  parts 
of  inflammable  air  being  water  ;  and,  there¬ 
fore,  if  the  experiments  would  favour  it  (but 
I  do  not  fee  that  they  do  fo)  it  v/ould  be 
more  natural  to  fuppofe  that  water,  like 
fixed  air,  confifts  of  phlogifton  and  dephlo- 
gifticated  air,  in  foine  different  mode  of 
combination. 

There  is  an  aftonifhing  variety  in  the  dif¬ 
ferent  kinds  of  inflammable  air,  the  caufe  of 
which  is  very  imperfe&ly  known.  The 
lighted:,  and  therefore,  probably,  the  pureft: 
kind,  feems  to  conlift  of  phlogifton  and 
water  only.  But  it  is  probable  that  oil ,  and 
that  of  different  kinds,  may  be  held  in  folu- 
tion  in  feveral  of  them,  and  be  the  reafon  of 
their  burning  with  a  lambent  flame,  and 
alfo  of  their  being  fo  readily  refolved  in¬ 
to  fixed  air,  when  they  are  decompofed 
with  dephlogifticated  air ;  though  why 

this 
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this  fhould  be  the  cafe  I  cannot  ima¬ 
gine.  LTamj5.fi a i  bn 

When  inflammable  air  and  dephlogifti- 
cated  air  are  burned,  the  weight  of  the  water 
produced  is  never,  I  believe,  found  quite 
equal  to  that  of  both  the  kinds  of  air.  May 
not  the  light,  therefore,  emitted  from  the 
flame,  be  part  of  the  phlogifton  of  the  in¬ 
flammable  air,  united  to  the  principle  of 
heat  ?  And  as  light  accompanies  the  eletlric 
/parky  may  not  this  alfo  be  the  real  accenfion  - 
of  fome  phlogiftic  matter,  though  it  is  not 
eafy  to  find  the  fource  of  it  ? 

Nitrous  airy  according  to  the  long  efta- 
blifhed  hypothefis^,  confifts  of  nitrous  acid 
and  phlogifton.  But  if  I  may  be  allowed- 
to  correct  this  theory,  in  the  manner  men-  ' 
tioned  above,  we  muft  fay  that  it  confifts  of 
a  dephlogifticated  nitrous  vapour,  and  phlo¬ 
gifton  ;  and  that  the  addition  of  dephlogifti-  • 
cated  air,  and  alfo  of  water,  is  neceflary  to 
make  it  nitrous  acid ;  fuch  at  leaft  being  no 
improbable  inference  from  the  experiments 
recited  in  this  volume. 

D  d  4  Dephlo- 
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Dephlogifticated  nitrous  air,  I  take  to  be 
dephlogifticated  nitrous  vapour  only,  and 
therefore,  perhaps,  an  elementary  fubftance, 
as  well  as  dephlogifticated  air.  It  feems  to 
be  produced  by  depriving  nitrous  air  of  its 
phlogifton.  But  there  are  difficulties  re¬ 
lating  to  this  fubjedt,  which  I  fhall  mention 
prefen  tly.* 

The  different  kinds  of  acid  air ,  it  feems 
to  be  agreed  on  all  hands,  confift  of  the 
peculiar  acids,  in  the  form  of  vapour,  and 
phlogifton  -3  fo  that  vitriolic  acid  air  confifts 
of  the  fame  principles  with  fulphur,  neither 
of  them  containing  any  water. 

Fluor  acid  airy  which  I  once  thought  to 
be  nothing  more  than  vitriolic  acid  air 
loaded  with  a  peculiar  fpecies  of  earth,  I 
now  concur  with  others  in  thinking  to  con¬ 
fift  of  a  peculiar  acid  and  that  earth. 

Alkaline  air  will  appear,  I  think;  from 
my  late  experiments,  to  confift  of  fome 
combination  of  inflammable  air  and  phlo- . 
gifticated  air,  or  of  fomething  capable  of 
being  converted  into  phlogifticated  air  $  but 

:  the 
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the  mode  of  combination,  and  the  propor¬ 
tion  of  the  ingredients,  remain  to  be  invef- 
tigated.  That  water  enters  into  tjie  com- 
pofition  of  alkaline  air,  feems  neceffary  to 
be  admitted,  becaufe  it  is  decompofed  into 
inflammable  air,  which  I  cannot  help  think¬ 
ing  neceffarily  requires  water.  It  feems,  - 
however,  clearly  to  be  inferred  from  my 
late  experiments,  that  there  is  no  occafion 
to  admit  the  alkaline  principle  into  the  num¬ 
ber  of  elements ;  the  alkalinity ,  as  I  may  fay, 
fome  way  or  other  ariflng  from  phlogifton, 
or  phlogifticated  air,  as  acidity  arifes  from 
dephlogifticated  air ;  and  this  may  throw 
fome  light  on  the  affinity  between  thefe  two 
principles. 

As  to  the  hepatic  air  of  Mr.  Bergman, 

I  have  not  given  much  attention  to  it ;  but 
it  feems  to  have  been  proved  by  Mr.  Sene- 
bier’s  elaborate  analyfis  of  it,  to  confifl:  of 
the  fame  elements  with  the  liver  of  fulphur 
from  which  it  is  made. 

I  fhall  now  fpeculate  more  largely  on  the 
fubjedt  of  the  nitrous  "del'd,  and  the  kinds  of 
air  that  are  procured  by  means  of  it,  that 

the 
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the  difficulties  attending  the  fubjedfc  may 
be  more  diftindtly  perceived,  and  conie- 
quently  that  our  attention  may  be  excited  to 
the  folution  of  them. 

As  inflammable  air  fires  readily  in  a  phial 
from  which  it  has  difplaced  nitrous  acid, 
there  muft  be  in  this  acid  a  vapour  capable 
of  combining  with  phlogifton,  and  which 
may  therefore  be  called  the  dephlogijlicated 
vapour  of  jpir  it  of  nitre .  This  vapour  is 
abforbed  by  water ;  for  if  the  inflammable 
air  be  transferred  through  water  into  another 
veflel,  it  burns  only  as  ufual.  May  it  not 
be  this  vapour,  loaded  with  phlogifton  (with 
which  it  has  an  affinity)  and  fome  little 
nitrous  acid  (which,  perhaps,  cannot  be 
wholly  excluded,  but  which  may  be  confi- 
dered  as  an  extraneous  fubftance)  that  confti- 
tutes  the  nitrous  air ,  which  is  produced 
when  metals  are  diffolved  in  this  acid,  and 
may  not  one  part  of  this  nitrous  air,  on 
lofing  fome  of  its  phlogifton,  by  means  of 
the  contadl  with  iron,  become  what  I  have 
called  dephlogifticated  nitrous  air,  at  the 
fame  time  that  the  other  part,  being  fuper- 

faturated 
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faturated  with  phlogifton,  becomes  phlogif- 
ticated  air. 

As  nitrous  acid  is  reproduced  when  de- 
phlogifticated  air  is  admitted  to  nitrous  air, 
or,  according  to  this  theory,  to  dephlogifti- 
cated  nitrous  vapour  and  phlogifton,  do  not 
thefe  principles,  together  with  water ,  which 
is  requiiite  at  leaft  to  the  forming  of  an  union 
between  them,  make  nitrous  acid.  If  fo, 
this  acid  muft  confift  of  dephlogifticated  air, 
dephlogifticated  nitrous  vapour,  phlogifton, 
and  water.  In  the  folution  of  metals  in  this 
acid,  then,  the  firft  and  laft-mentioned  of 

V 

thefe  four  elements,  together  with  part  of 
the  third,  muft  unite  with  the  calx -of  the 
metal,  while  the  fecond,  joined  with  the  re¬ 
mainder  of  the  third  (or  which  is  the  fame 
thing  with  phlogifton  from  the  metal)  con- 
ftitutes  nitrous  air.  I  do  not  need  to  add 
that  latent  heat  feems  to  be  a  neceffary  ingre¬ 
dient  in  every  kind  of  air. 

On  the  other  hand,  on  the  fuppofttion 
that  the  nitrous  air  itfelf  contains  all  the 
neceftary  elements  of  the  nitrous  acid,  it 
may  be  fuppofed  that  when  dephlogifticated 

and 
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and  nitrous  air  are  mixed,  the  former  of 
them,  uniting  with  the  phlogifion  of  the 
latter,  makes  that  water  which  is  neceflary 
to  the  liquid  date  of  the  nitrous  acid.  But 
I  am  inclined  to  prefer  the  other  hypothecs; 
becaufe  when  the  two  kinds  of  air  are  mixed 
in  a  vefifel  of  dry  mercury,  no  liquid  is  pro¬ 
duced,  and  if  the  furface  of  the  mercury  be 
Imall,  it  is  a  long  time  before  the  rednefs, 
occafioned  by  the  mixture,  difappears. 

Iron,  or  the  fcales  of  iron,  feem  to  give  phlo- 
gifton  to  nitrous  air,  which  is  by  that  means 
fuper-faturated,  and  becomes  phlogifticated 
air ;  though  this  is  a  procefs  not  eafy  to  be 
accounted  for,  For  why  fhould  one  part  of 
the  nitrous  vapour  he  deprived  of  its  phlo- 
gifton,  while  the  other  part,  contained  in  the 
fame  veffel,  and  confequently,  as  far  as  we  can 
perceive,  being  in  the  fame  circumftanees, 
is  more  firmly  united  to  it.  It  may,  per¬ 
haps,  therefore,  be  more  probable,  that  it  is 
the  nitrous  vapour  in  the  nitrous  air  that 
joins  the  iron,  while  the  phlogifton  alone 
remains  united  with  the  principle  of  heat ; 
and  that  this  is  that  which -conftitutes  phlo- 
Stfcnl  '  gifticatcd 
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gifticated  air,  though  feme  nitrous  acid 
vapour  may  remain  incorporated  with  it, 
which  is  abfolutely  neceffary  to  explain  Mr. 
Cavendish’s  experiment.  The  quantity 
of  nitrous  acid  contained  in  a  given  quantity 
of  phlogiilicated  air,  fhould  be  determined, 
in  order  to  remove  this  doubt. 

The  hypothefis  I  have  mentioned  is  fa¬ 
voured  by  an  obfervation  which  I  have  lately 
made,  viz.  that  iron3  which  contains  phlo- 
giilon,  decompofes  nitrous  air  much  more 
readily  than  the  feales  of  irony  which  contain 
little  or  no  phlogifton,  and  efpecially  by  the 
iron  gaining  weight,  in  confequence  of  its 
being  ufed  to  produce  this  change  in  nitrous 
air.  Indeed,  in  this  procefs  with  the  feales  of 
iron,  the  nitrous  air  is  decompofed  fo  very 
(lowly,  and  imperfectly,  that  it  may  be  fup- 
pofed  that  it  is  only  done  by  means  of  fome 
little  phlogiflon  that  may  remain  in  thofe 
feales,  and  the  known  affinity  between  phlo- 
gifton  and  this  vapour,  make  it  more  pro¬ 
bable  that  this  may  be  the  cafe. 

Still,  however,  the  former  difficulty  is 
not  quite  removed  j  becaufe  part  of  the  ni¬ 
trous 


414  \  Obfervatlons  relating  Ip  "Theory. 

trous  air  is  left  without  its  phlogifton, 
while  the  other  part  remains  more  firmly 
combined  with  it.  But  then,  in  a  courfe 
of  time,  all  the  dephlogifticated  nitrous  air 
will  unite  with  the  iron,  and  all  that  is  left 
in  the  vefifel  will  be  phlogifticated  air.  It 
feems,  therefore,  as  if  the  union  between 
the  phlogifton  and  the  nitrous  vapour  muft 
firft  be  loofened  before  there  can  be  a  com¬ 
plete  union  between  that  vapour  and  the 
iron,  and  that  it  is  in  this  intermediate 
ftate  only  that  the  dephlogifticated  nitrous 
air  can  be  obtained.: 

Another  difficulty  attending  this  expla¬ 
nation  is,  that  in  the  nitrous  air  the  nitrous 
vapour  is  already  faturated  with  phlogifton, 
and  therefore  could  not  be  made  to  quit  that, 
in  order  to  join  the  fame  principle  in  the 
iron.  To  this  I  can  only  fay,  that  the  calx 
of  the  iron  and  the  phlogifton  together  may 
have  a  more  powerful  attraction  to  the  nitrous 
vapour  than  its  own  phlogifton,  joined  (as 
it  inuft  be  in  the  form  of  air)  with  the 
principle  of  heat .  We  fee,  in  other  cafes,  that 
the  fame  principle  in  one  mode  of  combi¬ 
nation 
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nation  will  have  a  ftronger  affinity  to  any 
particular  fubftance  than  it  has  in  another. 
Thus  all  the  three  mineral  acids  can  never 
receive  fo  much  phlogifton  while  they  are 
in  a  liquid  form,  but  that  they  will  diffolve 
metals,  which,  in  the  cafe  of  the  vitriolic 
and  nitrous  acids,  is  always  fuppofed  to  be 
by  means  of  the  affinity  which  thofe  acids 
have  to  the  phlogifton  of  metals. 

As  dephlogifticated  nitrous  air  is  in 
part  converted  into  common  air,  that  is 

|  1 

part  of  it  into  dephlogifticated  air,  by 
the  electric  fpark,  and  alfo  by  heating  bits 
of  crucibles  in  it,  does  it  not  appear,  that 
it  contains  the  proper  element  of  this  air,  as 
well  as  it  does  that  of  nitrotis  air,  but  wants 
a  lufficient  quantity  of  latent  heai>  which  is 
imparted  to  it  in  thefe  procefles.  Perhaps, 
alfo,  it  may  be  found,  that  fixed  air,  the 
acid,  and  alkaline  airs,  or  any  others  that 
are  readily  imbibed  by  water,  contain  lefs 
latent  heat  than  thofe  kinds  of  air  which 
are  lefs  affedted  by  water.  Very  little  heat 
is  produced  by  the  union  of  acid  or  alka¬ 
line  air  and  water,  though,  as  I  have  found 

bv 
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by  experiment,  there  is  fame  produced, 
whereas  the  decompofition  of  dephlogifti- 
Cated  and  inflammable  air  never  fails  to  pro¬ 
duce  a  very  great  degree  of  heat. 

The  phenomena  attending  the  accenfion 
of  pyrophorus  throw  fome  difficulty  into 
the  theory  relating  to  the  part  that  the  air 
has  to  do  in  it.  For  by  its  firing  equally 
well  in  dephlogifticated  and  nitrous  air,  it 
fhould  feem  that  there  is  fomething  in  com¬ 
mon  to  them  both,  and  that  the  dephlogif¬ 
ticated  nitrous  air  (in  which  it  will  not 
take  fire)  has  not  this  common  ingredient ; 
which,  however,  the  preceding  theory  fup- 
pofes.  The  firing  of  pyrophorus  probably 
arifes  from  the  fudden  abforption  of  any  kind 
of  air,  or  water,  which  then  gives  out  its  latent 
heat  (for  there  can  be  no  doubt  that  every  fluid 
in  the  form  of  air  fo  far  refembles  fleam, 
as  to  contain  latent  heat). .  But  the  accenfion 
of  it  fhould  feem  to  be  effected  by  the  at¬ 
traction  that  the  pyrophorus  has  to  fome 
one  principle  on  which  the  elaftic  form  of 
the  air  depends ;  and,  according  to  the  pre¬ 
ceding  theory,  there  is  nothing  but  the 

3  depblogijticated 
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dephlogifticated  nitrous  vapour  that  equally  en¬ 
ters  into  the  compofition  of  dephlogifticated 
and  of  nitrous  air  and  that  is  Ukewife  found 
in  dephlogifticated  nitrous  air,  in  which  it 
will  not  take  fire.  Perhaps,  therefore,  this 
accenfion  may  depend  on  the  mode  of  combi¬ 
nation  between  the  principle  of  latent  heat, 
and  other  principles  in  the  conftitution  of 
thefe  kinds  of  air,  and  of  this  we  are  en¬ 
tirely  ignorant. 

The  addon  of  electricity  on  the  different 
kinds  of  air  is  very  little  known.  In  feme 
cafes  it  feems  to  communicate  phlogifton, 
but  more  generally  mere  latent  heat .  It  is 
however,  a  fubjed  deferving  of  the  moft 
particular  attention,  and  it  feems  to  be  not 
far  removed  from  our  reach. 

After  thefe  theoretical  fpeculations,  in 
which  I  fear  I  have  not  communicated 
much  light,  though  it  is  as  much*as  I  have 
been  able  to  get,  I  proceed  to  make  fome 
obfervations  relating  to  phlogifton ,  the  exig¬ 
ence  of  which  is  at  prefent  a  great  fubjed  of 
difeuffion  with  philofophers ;  fome  main¬ 
taining  that  there  is  no  fuch  thing,  and 
Vol.  III.  Ee  ethers 
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others  holding  the  doctrine  of  St  ahl  on  the 

• 

The  term  principle  may  be  applied  to 
any  caufe  of  a  known  effedt,  whether  it  be 
what  logicians  call  a  fubftance,  or  a  property. 
Thus,  while  there  is  in  nature  fuch  a  thing 
as  heat ,  it  mull:  alfo  be  faid,  that  there 
exifts  a  principle ,  or  caufe  of  heat ,  whether 
it  confift  in  the  mere  change  of  ftate  in  the 
parts  of  the  heated  body  (as,  for  inftance, 
in  their  being  thrown  into  a  vibratory  mo¬ 
tion)  or  there  be  fuch  a  fubftance  (in  the 
fame  fenfe  in  which  air,  or  water,  are  fub- 
ftances)  infufed  into  the  body  when  it  is 
heated,  and  withdrawn  again  when  it  is 
cold. 

According  to  Stahl,  phlogifton  is  a  real 
fubftance,  capable  of  being  transferred  from 
one  body  to  another;  its  prefence  or  ab- 
fence  making  a  remarkable  difference  in  the 
properties  of  bodies,  whether  it  add  to  their 
weight,  or  not.  Thus  he  concluded,  that 
oil  of  vitriol,  deprived  of  water,  and  united 
to  phlogifton,  becomes  fulphur;  and  that 
the  calces  of  metals,  by  the  addition  of  the 

fame 
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fame  fubftance,  become  metals.  The  air 
that  has  fince  been  difcovered  in  the  calces 
of  metals,  makes  no  great  difference  in  the 
fyftem.  For  as  oil  of  vitriol  muft  part  with 
its  water,  as  well  as  imbibe  phlogifton,  in 
order  to  its  becoming  fulphur;  fo  the  calx 
muft  part  with  its  air,  as  well  as  imbibe 
phlogifton,  in  order  to  become  a  metal. 

What  is  now  contended  for  is,  that  in  the 
oil  of  vitriol  changing  into  fulphur,  fome- 
thing  is  loft,  and  nothing  gained,  and  alfo 
that  a  calx  becomes  a  metal  by  the  lofs  of 
air  only.  And  did  fa6ts  correfpond  to  this 
theory,  it  would  certainly  be  preferable  to 
that  of  St  ah  l,  as  being  more  iimple  •  there 
being  one  principle  lefs  to  take  into  our  ac¬ 
count,  in  explaining  the  changes  of  bo¬ 
dies.  But  I  do  not  know  of  any  cafe  in 
which  phlogifton  has  been  fuppofed  to 
enter  into  a  body,  but  there  is  room  to  fup- 
pofe,  that  fomething  does  enter  into  it; 
and  in  other  cafes,  and  efpecially  fome  of 
my  own  late  experiments,  fomething  cer¬ 
tainly  does.  At  leaft,  the  hypothecs  that 
has  been  propofed  in  its  place,  concerning 
(  i  E  e  2  the 
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the  conftitution  of  thofe  bodies,  which  had 
been  faid  to  contain  phlogifton,  is  clearly 
overturned  by  them. 

What  has  been  infifted  upon,  as  moft  fa¬ 
vourable  to  the  exclufion  of  phlogifton,  is 
the  revival  of  mercury,  without  the  addition 
of  any  other  fubftance,  from  the  precipitate 
per  fe.  In  this  cafe  it  is  evident,  that  mere 
heat ,  either  in  a  clofe  retort,  or  in  vacuo ,  is 
ftifficient  to  revive  the  metal.  And  as  what 
is  expelled  from  this  calx  is  the  pureft  de- 
phlogifticated  air,  it  has  been  faid,  that 
mercury  is  changed  into  this  calx  by 
imbibing  pure  air,  and  therefore  becomes  a 
metal  again,  merely  in  confequence  of  part¬ 
ing  with  that  air. 

But  Mr.  Kirwan  explains  this  cafe  in 
the  following  manner,  which  to  me  appears 
perfectly  fatisfadlory.  The  metal,  when 
expofed  to  a  certain  degree  of  heat,  in  con¬ 
tact  with  pure  air,  or  with  any  thing  that 
contains  pure  air  (as  in  that  very  fine  ex¬ 
periment  of  the  Count  de  Morozzo  with 
fixed  air)  imbibes,  indeed,  the  pure  air,  and 
nothing  elfe  -y  but  the  phlogifton  belonging 

to 
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to  the  metal  unites  with  that  air,  fo  as  to¬ 
gether  to  form  fixed  air ;  and  therefore  the 
calx  may  be  faid  to  be  the  metal  united  to 
fixed  air.  Then,  in  a  greater  degree  of 
heat  than  that  in  which  the  union  was 

•  .  A.  1  ■ 

formed,  this  factitious  fixed  air  is  again  de- 
compofed ;  the  phlogifton  in  it  reviving 
the  metal,  while  the  pure  air  is  fet  loofe. 
Confequently  the  precipitate  actually  con¬ 
tains  within  itfelf  all  the  phlogifton  that  is 
neceftary  to  the  revival  of  the  mercury*. 
Since,  therefore,  this  fadt  can  be  accounted 
for  without  excluding  phlogifton,  the  flip- 
pofition  of  which  is  exceedingly  convenient, 
if  not  abfolutely  neceftary,  to  the  explanation 
of  many  other  fadts  in  chemiftry,  it  is  at 
leaft  advifeable  not  to  abandon  it, 

Befides,  as  it  is  known  that  light  contains 
phlogifton,  if  there  be  any  fuch  thing,  and 

*  Since  it  is  known  bow  much  dephlogifticated  air  is 
got  from  a  given  quantity  of  precipitate,  and  how  much 
phlogifton  this  dephlogifticated  air  requires  in  order  to 
compofe  fixed  air,  we  may,  from  thefer/tfta,  eafily  afcertain 
how  much  phlogifton  enters  into  the  compofition  of  mer* 
cury. 

i  E  e  3 
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there  can  be  no  red  heat  without  light ;  it 
may  be  Said,  that  all  the  phlogifton  that  is 
neceffary  to  the  revival  of  this  particular 
metal  may  enter  into  the  heated  calx,  not¬ 
withstanding  all  our  endeavours  to  exclude 
it.  But  it  does  not  yet  appear  that  light 
can  impart  fo  much  phlogifton,  as  fenlibly 
to  add  to  the  weight  of  any  bodv ;  and 
therefore  it  can  hardly  be  fuppofed  to  im¬ 
part  fo  much  as  is  neceffary  to  the  revival  of 
a  metal,  the  phlogifton  in  which  is  proba¬ 
bly  half  the  weight  of  the  inflammable  air 
with  which  it  is  revived. 

But  the  experiment  which,  in  my  opi¬ 
nion,  proves  decifively  that  the  principle 
which  has  hitherto  been  called  phlogifton  is 
a  real  fubftancey  and  even  adds  confiderably 
to  the  weight  of  bodies,  is  that  of  the  de¬ 
composition  of  charcoal  by  the  heat  of  a 
burning  lens  in  vacuo,  or  by  means  of  fleam 
in  a  hot  earthen  tube.  According  to  Mr. 
Lavoisier,  charcoal  is  a  Ample  fubftance, 
capable  of  decomposing  the  water  that 
comes  into  contadt  with  it,  but  contributing 
nothing  to  the  inflammable  air  that  is  pro- 

cured 
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cured  in  the  procefs.  But  here  we  fee  ai¬ 
med  the  whole  of  the  charcoal  difappear,  at 
the  fame  time  that  nothing  but  inflam¬ 
mable  air  (though  not  of  the  mod  Ample 
kind)  is  produced.  Nothing  is  found  of 
the  charcoal,  befides  a  very  inconflderable 
portion  of  white  ajhes,  which  could  not  pof- 
fibly  have  imbibed  the  dephlogidicated  air 
belonging  to  the  water,  and  by  that  means 
have  fet  the  inflammable  air  at  liberty; 
which  might  be  faid  with  refpedt  to  the 
fimilar  experiment  with  iron. 

It  may  be  faid,  that  the  dephlogidicated 
air  from  the  water  goes  to  form  th t  fixed  air 
that  is  likewife  produced  in  this  procefs, 
together  with  the  inflammable  air.  But  I 
have  obferved,  that  when  no  more  water  is 
ufed  than  what  is  abfolutely  neceflary  for 
the  purpofe  (as  in  my  experiment  with 
charcoal  in  vacuo)  there  is  no  fixed  air 
mixed  with  the  inflammable.  What  then 
becomes  of  the  fubdance  of  the  charcoal,  if  it 
does  not  fupply  fomething  which  may  be 
called  phlogidon  from  which  the  inflam¬ 
mable  air  is  made?  The  air  certainly  ex- 

E  e  4  ceeds 
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ceeds  the  weight  of  the  charcoal  that  is 
deftroyed,  but  the  fubftance  of  the  char¬ 
coal  being  found  no  where  elfe,  muft  be  ia 
the  air,  as  a  conftituent  part  of  it. 

It  will  be  faid,  that  the  air  that  is  formed 
by  heating  charcoal,  and  combining  it  with 
fleam,  is  not  mere  water  and  phlogifton, 
becaufe,  when  it  is  decompofed  together 
with  dephlogifticated  air,  a  confiderable 
quantity  of  fixed  air  is,  produced.  But  as 
fixed  air  appears  from  the  lateft  difcoveries 
not  to  be  a  Ample  fubftance,  but  to  confift  of 
pure  air,  and  fomething  elfe  that  anfwers  to 
the  definition  of  phlogifton*  this  principle  in 
that  fixed  air  muft  have  been  furnifhed  by 
fomething  in  the  charcoal*  And  as  almoft 
the  whole  of  the  charcoal  goes  into  the  air 
that  is  produced,  it  muft  neceflarily  make 
part  of  its  weight>  how  difficult  foever  it 
may  be  to  afcertain  the  exadl  amount  of 
that  weight. 

Whatever  may  be  objedled  to  this  reafon- 
ing,  the  experiment  with  charcoal  and  the 
fcales  of  iron,  which  together  yield  abun¬ 
dance  of  inflammable  air,  is,  as  I  have  ob- 
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ferved,  a  clear  refutation  of  Mr.  Lavoi¬ 
sier's  hypothefis,  which  was  thought  to 
overturn  the  dodrine  of  phlogifton.  For 
he  fuppofes,  that  neither  of  thefe  fubftances 
contain  any  thing  that  can  conftitute  in¬ 
flammable  air. 

If  this  hypothefis  of  Mr.  Lavoisier  can¬ 
not  explain  the  prefent  known  fads,  and 
the  dodrine  of  phlogifton  can  do  it,  the 
latter  ought  as  yet  to  be  retained,  in  prefer¬ 
ence  to  his,  or  any  other  that  has  yet  been 
propofed. 

That  calces  do  not  become  metals  merely 
by  parting  with  the  air  they  contain,  is  evi¬ 
dent  from  my  experiments  on  heating  them 
in  contad  with  inflammable  air,  in  which 
the  inflammable  air,  or  fome  neceflary  part 
of  it,  is  undoubtedly  abforbed  ;  and  though 
a  little  moifture  be  depoftted  in  the  procefs, 
it  may  well  be  fuppofed  to  be  that  which, 
in  conjundion  with  phlogifton,  conftituted 
the  inflammable  air.  And  what  can  th# 
other  principle  that  is  abforbed  by  the 
calx  be,  but  the  fame  thing,  which, 
when  united  to  water,  is  recovered  again 

from 
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from  the  metal,  and  found  to  be  in¬ 
flammable  air,  having  all  the  fame  proper¬ 
ties  with  that  which  was  employed  in  the 
revival  of  it.  Metals,  therefore,  are  not 
fimple  fabftancesy  but  confift  of  their  calces, 
and  fomething  elfe,  which  they  take  from 
inflammable  air.  And  as  the  fame  may  alfo 
be  taken  from  anv  combuftible  fubftance, 
it  correfponds  exactly  to  Stahl’s  phlogif- 
ton,  and  therefore  the  dodtrine  of  it  is  con¬ 
firmed  by  thefe  experiments ;  that  is,  we 
muft  ftill  fay,  that,  in  all  combuftible  fub- 
ftances,  there  is  a  principle  capable  of  being 
transferred  to  other  fubftances,  which, 
when  united  to  the  calces  of  metals,  makes 
them  to  be  metals,  and  which,  united  to 
oil  of  vitriol  (deprived  of  its  water)  makes 
it  to  be  fulphur. 
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SECTION  XXIX. 

Experiments  made  fmce  the  Sections  in  this 
Work  to  which  they  relate  were  printed  off. 

I.  ID  El  MG  defirous  of  afcertaining,  as 
,  perfedly  as  I  could,  the  nature  of 
that  black  matter  which  I  procured  by  de- 
compofing  dephlogifticated  and  inflamma¬ 
ble  air,  I  frequently  exploded  great  quanti¬ 
ties  of  the  two  kinds,  and  never  failed  to 
colled:  it.  But  I  have  not  yet  been  able 
perfectly  to  latisfy  myfelf  with  refped  to 
the  nature  of  it.  From  the  following  ex¬ 
periments  it  feems  pretty  certain,  that  mer¬ 
cury  is  neceflary  to  its  production,  and  I  have 
never  found  it  in  veflels  in  which  mercury 
had  not  been  contained.  I  did  not,  how¬ 
ever,  find  it  to  be  aded  upon  by  fpirit  of 
nitre  fo  readily  as  that  black  powder  which 
is  got  by  agitating  mercury  in  pure  water 
(which  can  be  nothing  but  mercury  fuper- 

phlogifticated) 
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phlogifticated)  but  thought  that  it  ap¬ 
proached  nearer  to  the  action  of  that  acid 
upon  foot ,  the  blacknefs  of  which  is  not  dif- 
char^ed  except  by  frequent  affufions  of  that 
acid. 

In  a  former  volume  I  have  obferved.  that 
the  black  powder,  procured  by  agitating 
mercury  in  water,  becomes  white  running 
mercury  the  moment  that  it  is  dry ;  but  I 
have  lately  found  fome  exceptions  to  this 
obfervation.  Having  a  large  quantity  of 
this  black  matter  in  a  glafs  phial,  it  happen¬ 
ed  to  be  broken  by  the  freezing  of  the  wa¬ 
ter  with  which  it  was  mixed.  I  did  not 
notice  it  at  the  time,  but  I  afterwards  found 
a  conliderable'  quantity  of  running  mercury 
in  the  place  where  the  bottle  had  flood,  and 
befldes  that  a  thick  cake  of  dry  black  matter, 
which  however  appeared  to  be  nothing  but 
mercury,  as  it  was  completely  diflolved  in 
fpirit  of  nitre. 

I  muft  obferve  farther,  that  fome  of  this 
black  matter  which  I  have  lately  procured, 
by  agitating  mercury  in  water,  has  not  al¬ 
ways  become  perfect  running  mercury  by 
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the  evaporation  of  the  water  with  which  it 
was  mixed,  but  has  fometimes  left  a  black 
ftain  upon  the  veflel  in  which  it  was  con¬ 
tained.  This,  however,  has  difappeared  by 
the  affuflon  of  fpirit  of  nitre.  I  /hall  now 
relate  fome  particulars  of  the  procefles  by 
which  I  procured  the  black  matter  from  the 
decompofition  of  inflammable  and  dephlo- 
gifticated  air. 

When  there  was  much  water  in  the  veflel 
in  which  the  exploflons  were  made,  there 
was  no  black  matter  produced,  though 
the  lower  part  of  the  veflel  contained  mer¬ 
cury  ;  and  though  by  repeated  exploflons 
in  thefe  circumflances  the  water  did  become 
turbid,  and  depofit  a  black  fediment,  it  was 
by  no  means  fo  much  as  I  always  got  when 
I  only  juft  moiftened  the  inflde  of  the  veflel, 
by  filling  it  with  mercury  immediately  after 
there  had  been  water  in  it.  In  this  laft 
cafe,  all  the  infide  of  the  veflel  never  failed 
to  be  made  exceedingly  black  by  every  ex- 
plofion ;  and  repeating  this  procefs,  I  was 
able,  by  pouring  in  water,  to  colled:  a  con- 
fiderable  quantity  of  black  fediment.  From 

this 
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this  it  fhould  feem,  that  the  infide  of  the 
veffel  contained  a  fubtle  invifible  vapour  of 
mercury ,  which  became  black  by  the  phlo- 
gifton  from  the  decompofed  inflammable 
air;  and  this  black  powder,  as  I  have  ob- 
ferved,  is  not  much  affedted  by  fpirit  of 
nitre,  but  has  very  much  the  property  of 
foot,  in  that  refpedt,  which  is  a  circumftance 
that  certainly  deferves  to  be  farther  invefti- 
gated. 

2.  I  have  repeated  with  particular  care 
the  experiment  of  decompofing  nitrous  air 
by  the  eledtric  fpark;  from  which  it  ap¬ 
pears  that,  in  this  procefs,  though  not  in 
that  of  heating  iron  in  it  by  the  fun  beams, 
fome  acid  is  really  depofited  from  the  air. 
But  it  is  fo  little,  that  it  may  perhaps  be 
fuppofed  to  have  been  contained  in  it,  as  an 
extraneous  fubftance,  not  feparable  from  it 
by  ftanding  in  water.  It  is  alfo  to  be  ob- 
ferved  that,  in  this  procefs,  I  was  never  able 
to  produce  any  dephlogifticated  nitrous  air. 
Whenever  the  experiment  was  fufpended, 
the  air  was  always  found  to  be  either  ni¬ 
trous  or  phiogifticated. 


In 
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In  one  experiment  of  this  kind,  to  which 
I  gave  particular  attention,  an  ounce  mea- 
fure  and  a  half  of  nitrous  air  was  reduced 
to  0.4  of  a  meafure  by  ele&ric  explofions, 
taken  in  a  veffel  of  mercury,  with  a  little 
pure  water  on  the  furface  of  it ;  an  iron 
wire  introduced  through  the  mercury,  and 
into  the  air,  being  ufed  for  the  purpofe  of 
taking  the  explofion  at  a  proper  diffance. 
After  the  greateft  poflible  diminution  of  the 
air  I  could  perceive  no  change  of  colour  in 
the  water,  but  after  &  few  hours  ftanding  it 
had  a  purplifh  colour,  and  after  a  day  and 
night,  it  was  become  of  a  deep  red,  and  very 
turbid,  evidently  from  the  folution  of  the 
iron.  The  water  was  acid  to  the  tajfte,  but 
in  the  flighted:  degree  imaginable ;  and  I 
could  perceive  by  the  fmell  of  it,  that  there 
was  a  little  nitrous  air  ftill  contained  in  it, 
though  I  could  not  perceive  any  rednefs  on 
expofing  the  veffel  to  the  open  air.  A 
lighted  candle  being  dipped  into  it,  wai 
immediately  extinguifhed. 

There  was  one  circumflance  which  I  can¬ 
not  eafily  account  for  in  this  procefs.  Af¬ 
ter 
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ter  the  diminution  of  the  air  would  pro¬ 
ceed  no  farther,  I  obferved  that,  after  fome 
time,  there  was  an  increafe  of  the  quantity 
of  it,  viz.  about  one-tenth  of  an  ounce  mea- 
fure;  but  after  this  the  air  was  gradually 
contracted  to  its  former  dimenfions,  with¬ 
out  any  farther  ufe  of  electricity. 

I  repeated  this  experiment  with  the  fame 
quantity  of  nitrous  air,  and  it  was  diminifhed 
in  about  the  fame  proportion  as  in  the  pre¬ 
ceding.  But  examining  the  water  before  it 
had  been  difcoloured  by  the  folution  of  the 
iron,  I  could  only  perceive  fome  aftringency 
in  the  tafle  of  it,  though  it  reddened  a  con- 
iiderable  quantity  of  water  tinged  blue  with 
the  juice  of  turnfole.  There  was  alfo  fiill 
fomething  nitrous  in  the  refiduum  of  this  air. 
For  being  mixed  in  equal  quantities  with 
common  air,  the  ftandard  was  about  1.8. 
It  contained  no  dephlogiflicated  nitrous 
air,  as  it  was  not  fenfibly  diminifhed  by 
agitation  in  water. 

As  the  eleCtric  fpark  cannot  be  fuppofed 
to  communicate  fo  much  phlogifton,  as  the 
heating  of  iron  by  the  fun  beams,  we  may 
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be  better  able  by  this  procefs  to  afcertain 
the  quantity  of  phlogifton  contained  in 
phlogifticated  air ;  fince  the  rcfiduum  pro¬ 
bably  contains  all  the  phlogifton  belonging 
to  the  nitrous  air  from  which  it  is  made, 
and  if. we  may  calculate  from  the  number 
in  the  former  of  thefe  experiments,  phlo¬ 
gifticated  air  muft  contain  about  four  times 
as  much  phlogifton  as  an  equal  bulk  of  ni¬ 
trous  air;  or,  as  appears  by  my  former  expe¬ 
riments,  four  times  as  much  as  inflammable 
air  made  from  iron  by  oil  of  vitriol,  or  fteam, 
of  which  one  half  is  probably  phlogifton, 
and  the  other  half  water. 

3.  Having  heated  iron  in  nitrous  air,  I 
proceeded  to  heat  in  the  fame  air  a  piece  of 
charcoal ,  not  long  after  it  had  been  fubjeifted 
to  a  ftrong  heat  covered  with  fand.  The  fun 
not  (Fining  immediately  after  the  charcoal 
was  introduced  into  the  veflel  of  air, 
(through  the  mercury,  by  which  it  was  con¬ 
fined)  part  of  the  air  was  abforbed;  but  on 
heating  the  charcoal  the  quantity  was  foon 
increafed.  Having  continued  the  procefs 
as  long  as  I  thought  neceflary,  I  examined 
Vol.  III.  F  f  the 
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the  air,  and  found  it  to  be  about  as  much 
as  the  original  quantity  of  nitrous  air,  but 
it  was  all  phlogifticated  air,  extinguifhing 
a  candle,  and  having  no  mixture  of  fixed  air 
in  it.  At  one  time,  when  I  dipped  a  light¬ 
ed  candle  into  it,  I  thought  there  was  an 
appearance  of  its  containing  fomething  in¬ 
flammable,  but  it  was  in  the  flighteft  degree 
imaginable.  There  was,  however,  evi¬ 
dently  fomething  inflammable  in  the  air  ex- 
pelled  by  water  from  this  charcoal  after¬ 
wards. 

When  I  heated  charcoal  of  copper  in  ni¬ 
trous  air,  there  was  a  fmall  addition  to  it  of 
perhaps  a  twentieth  part;  and  being  ex¬ 
amined,  it  was  found  to  contain  two-fe- 
venths  of  its  bulk  of  fixed  air,  and  the  reft 
was  phlogifticated.  This  change  in  four 
ounce  meafures  of  the  air  was  produced  by 
the  lofs  of  between  one-fourth  and  one-half 
of  a  grain  of  the  charcoal,  and  the  copper 
was  evidently  revived. 

That  fixed  air  fhould  be  produced  in  this 
experiment,  and  not  in  the  preceding,  is  ra- 
•  ther  extraordinary.  In  this  circumftance  it 
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refembles  the  experiment  on  the  heating 
charcoal  of  copper  in  dephlcgifticated  air. 

4.  It  is  fomething  remarkable  that  heat¬ 
ing  the  fcales  of  iron  in  nitrous  air,  has  the 
fame  effect  as  heating  iron  itfelf  in  it,  but 
then  much  more  time  is  requinte  to  produce 
the  fame  effedt. 

I  heated  a  quantity  of  fcales  of  iron  in  ni¬ 
trous  air  till  2.7  ounce  meafures  were  re¬ 
duced  to  1.35,  and  then  found  it  to  be 
wholly  phlogifticated  air,  extinguifhing  a 
candle,  and  neither  affefting  common  air, 
nor  being  affected  by  frefh  nitrous  air. 
During  the  procefs  the'furface  of  the  fcales 
on  which  the  focus  of  the  lens  fell  were  af¬ 
fected  in  a  very  peculiar  manner,  as  if  they 
were  fuperficially  melted,  the  parts  being  in 
a  ftate  refembling  that  of  ebullition,  which 
continued  a  long  time  on  the  fame  fpot. 
No  moifture  was  produced  in  the  procefs,  as 
when  thefe  fcales  are  heated  in  inflammable 
air. 

When  I  put  the  fcales  which  had  been 
ufed  in  this  experiment  into  diluted  oil  of 
vitriol,  it  became  white  like  milk,  and  very 

F  f  2  little 
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little  air  was  produced,  even  by  means  of 
beat.  I  got,  however,  a  few  bubbles ;  fo 
that;  with  good  management  1  could  juft 
be  fure  that  it  was  not  fixed  air,  ,that  it  did 
not  affect  nitrous  air,  nor  was  aflfedted  by 
it. 

5.  I  treated  in  the  fame  manner  fome  iron 
that  had  been  ufed  to  diminifh  nitrous  air 
by  the  heat  of  the  fun.  But  though  I  di¬ 
luted  the  oil  of  vitriol  with  only  two  equal 
parts  of  water,  it  was  but  weakly  adted 
upon,  and  much  heat  was  neceffary  to  effect 
the  folution  of  it.  During  the  procefs 
much  black  matter  was  formed,  and  the  in¬ 
flammable  air  produced  had  an  offenfive 
l'mell.  In  thefe  refpedts  this  iron  feemed  to 
approach  to  the  nature  of  cajl  iron  ;  but 
when  it  was  melted  by  a  burning  lens  in 
the  open  air,  the  parts  of  it  were  not  dif- 
perfed  like  thole  of  call  iron. 

6.  I  took  the  eledtric  fpark  in  a  quantity 
of  depblogifticated  nitrous  air9  till,  without 
any  perceivable  change  in  its  quantity,  it 
was  become  immifcible  with  water.  Then, 
admitting  diddled  water  to  it,  there  was  no 

i  depofit 
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depoli t  made,  though  I  could  perceive  a 
white  incruftatfcn  quite  round  the  infide  of 
the  glafs  veffel,  contiguous  to  the  mercury 
by  which  the  air  was  confined.  But -  ad¬ 
mitting  to  it  the  water  in  my  trough,  which 
happened  to  have  mixed  with  it  various 
folutions  of  iron,  there  was  a  copious 
white  precipitate.  This  fub  fiance  I  had 
got  once  before,  and  found  that  by  expo- 
fure  to  a  red  heat  it  became  of  a  brown 
colour,  and  adhered  firmly  to  the  pieces  of 
earthen  ware  on  which  it  was  heated,  there- 

«  -  0  '• 

by  appearing  to  be  ochre.  The  whitenefs 
may  have  been  occafioned  by  the  mercury. 

Thefe  experiments  on  nitrous  air,  and  the 
feveral  modifications  of  it,  efpecially  thofe 
in  which  iron,  and  other  fub (lances,  are 

v  '  •  .  •  *  }  *  ,j  {  ,  -  »  )  V1/  f  J  r  ‘  I 

heated  in  them,  and  examined  afterwards, 
feem  to  promife  much  more  light  on  the 
fubjedt,  and  on  the  dodtrine  of  air  in  general. 
But  I  am  obliged  to  leave  them  in  the  pre- 
fent  unfinifhed  date,  in  which  I  do  not  chufe 
to  rifk  any  inferences  from  them.  When 
I  (hall  have  good  fun-fhine,  and  efpecially 
if  I  fhould  fucceed  in  procuring  a  more 

F  f  3  7  powerful 
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powerful  burning  lens,  I  fhall  eagerly  re¬ 
fume  the  experiments,  and  my  friends,  and 
probably  the  public,  will  foon  be  informed 
of  the  refult  of  them. 


To  the  Account  of  thefe  Experiments  1  Jhall 

add  an  Illuji ration  of  the  Note ,  p.  103. 

v.j.  i'  m  v.rf 

THE  water  expended  was  336  grains,  and  the 

iron  gained  267  grains.  Suppofing  it  to  have 
loft  phlogifton  equal  to  half  the  weight  of  the 
inflammable  air,  viz.  840  ounce  meafures  =  25 

'  f  * 

grains  (the  whole  weight  of  that  air  being  50 
grains)  the  water  that  really  entered  into  the 
iron  mu  ft  be  eftimated  at  292  grains  (which  is 
367  +  25).  This  deduced  from  336,  leaves  a 
remainder  of  34,  which  is  not  much  more  than 
25,  or  half  the  weight  of  the  inflammable  air. 
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A  Letter  from  James  Keir,  Esq^.  F.R.S.  relating 

.  r 

to  a  Metallic  Pyrophorus . 

DEAR  SIR, 

El  E  N  I  laft  had  the  pleafure  of  feeing  you, 
I  happened  to  mention  a  new  kind  of 
metallic  pyrophorus ,  that  had  occurred  to  me,  the 
accenfion  of  which  was  accompanied  with  a  pleaf- 
ing  phenomenon,  namely,  the  inftantaneous 
revival  of  the  metal  which  entered  into  its 
compofition.  You  expreffed  a  defire  of  being 
informed  more  particularly  of  the  attending  cir- 
cumftances,  which  I  am  happy  to  comply  with, 
although  I  doubt  whether  the  matter  is  worth 
your  notice — but  this  I  fubmit  to  you. 

*'f4 
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I  filled  about  five-fixths  of  the  contents  of  a 
copper  cylindrical  box,  which  had  a  lid  fitted  to 
it,  and  which  was  three  inches  in  diameter,  and 
two  inches  in  depth,  with  faw-duft,  which  I 
preffed  down ;  and  I  laid  upon  the  faw-duft,  as 
much  well-wafhed  plumbum  corneum ,  as  entirely 
filled  the  box,  which  I  then  covered  with  its  lid. 
I  placed  the  box  on  the  coals  of  a  chamber  fire,  fo 
that  its  bottom  only  fhould  be  in  contact  with 
the  fuel,  and  I  kept  it  on  the  fire,  till  no  more 
vapour  feemed  to  iftue  at  the  joining  of  the  lid.  I 
then  removed  it  from  the  fire,  and  while  it  was 
hot,  I  clofed  up  the  joining  of  the  lid  with  feal- 
ing  wax,  by  which  means  the  external  air  was 
excluded.  After  it  had  flood  in  the  cold  about 
ten  hours,  I  opened  the  box  ;  and  the  corneous 
lead,  which  was  very  white  before  the  operation, 
was  now  rendered  black  by  the  vapour  which 
had  arifen  from  the  faw-duft,  and  which  was 
obliged  to  pafs  through  the  lead  before  it  could 
efcape.  This  black  metallic  mafs  was  no  focner 
expofed  to  the  air,  than  ignited  fparks  appeared, 
which  fpread  more  and  more,  while  the  lead  was 
feen  to  revive  in  the  form  of  minute  globules,  and 
the  part  which  did  not  revive,  was  changed  into 
a  yellow  powder,  or  calx  of  lead.  It  is  to  be 
obferved,  that  before  I  opened  the  box,  I  placed 
it  at  the  fide  of  the  fire,  in  order  to  melt  the 
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fealing-wax,  to  enable  me  to  feparate  the  lid. 
It  is  poflible,  that  this  fmall  degree  of  heat  may 
be  neceffary,  or  conducive,  to  the  accenfion.  I 
ought  alfo  to  acquaint  you,  that  the  preparation 
of  this  pyrophorus,  requires  nicer  attentions  than 
that  of  any  which  I  am  acquainted  with.  For  a 
fmall  excefs  of  heat  will  revive  the  lead,  which 
will  fpoil  the  experiment.  Alfo,  if  any  air  be 
admitted  through  the  joints  of  the  veflels  em¬ 
ployed,  the  kindling  property  will  be  prevented 
by  the  abforption  of  the  air,  which  in  this  cafe 
is  generally  too  gradual  to  produce  inflamma¬ 
tion.  The  metallic  fubftance  in  this  fcate  of 
impregnation  with  inflammable  matter,  although 
not  a  pyrophorus,  is  an  exceedingly  quick  tinder. 
For  .when  touched,  however  (lightly,  by  an  ig¬ 
nited  body,  it  will  inftantly  kindle,  and  the  fire 
.will  fpread  over  the  whole  piece,  reviving  the 
lead  wherever  it  goes,  and  exhibiting  a  very 
beautiful  example  of  metallic  reduction,  not  un¬ 
like  the  familiar  experiment  of  reviving  the  lead 
of  a  wafer  containing  minium  at  the  flame  of  a 
candle  ;  but  with  this  difference,  that  the  Are  in 
the  wafer  requires  to  be  kept  up  by  flame,  where¬ 
as  in  this  metallic  tinder,  it  fpreads,  and  creeps 
lpontaneoufly  along  without  flame,  over  the 
mafs. 

In 
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In  the  prefent-unfetded  ftate  of  chemical  theory 
refpecting  combujlion,  I  will  not  encroach  on  your 
patience,  by  attempting  to  explain  the  mode  of 
adtion  of  this  and  other  pyrophori  j  although  it 
requires  but  little  ingenuity  to  frame  hypothefes, 
with  the  advantages  which  philofophers  now  fre¬ 
quently  indulge  themfeives  in,  of  making  a 
free  ufe  of  various  fuppofed  principles,  as  phlo- 
gift  on  y  matter  of  heat ,  for  bile  principle ,  humor ,  &c. 
of  the  exiftence  of  which  we  have  unfortunately 
none  of  the  proofs,  that  in  other  inftances  are 
thought  requifite  to  evince  the  prefence  of  mat¬ 
ter.  I  Ihail,  neverthelefs,  make  one  or  two  re¬ 
marks,  which  perhaps  may  eventually  tend  to¬ 
wards  a  future  explanation. 

As  in  all  known  inftances  of  pyrophori  (which 
word  I  confine  to  fuch  fubftances  as  having  been 

r  i  i *  i  f 

ignited  and  afterwards  cooled,  retain  the  power 
of  kindling  in  a  degree  of  heat  much  lefts  than 
that  of  ignition,  upon  expofure  to  air)  one  eflfcn- 
tial  ingredient  is  the  inflammable  matter  of  ani¬ 
mals,  or  vegetables ;  for  no  pyrophorus  has  yet 
been  made  with  fulphur,  without  the  addition  of 
other  inflammable  matter  :  and  as  the  coal  of 
animal  and  vegetable  fubftances  properly  treated, 
without  addition  of  other  matters,  has  been  ob- 
ferved  to  poftefs  a  pyrophorous  quality  there 
Teems  to  be  fome  reafon  to  fufpedt,  that  thofe 
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adventitious  fubftances  which  have  been  em¬ 
ployed  in  the  preparation  of  pyrophori,  do  only 
aCt  as  acceffaries,  by  placing  the  animal  or  ve¬ 
getable  matter  in  proper  circumftances  for  ac¬ 
cenfion.  Thus  it  is  an  eftablifhed  fact,  that 
moifture  facilitates  the  accenfion  of  Hom berg’s 
pyrophorus,  and  I  think  it  is  probable,  that  the  ufe 
of  all  the  ingredients,  excepting  the  flour  or  fu- 
gar,  in  that  clafs  of  pyrophori,  is  to  form  a  liver 
of  fulphur,  which  by  its  powerful  attraction  of 
moifture,  produces  a  degree  of  heat  which  en¬ 
ables  the  pyrophorous  vegetable  matter  to  kindle. 
For  we  know  that  a  moderate  heat  will  often 
effeCt  the  accenfion  of  weak  pyrophori,  which 
without  this  help  would  not  kindle,  and  Mr. 
Bewley  has  flie wn,  that  if  inftead  of  moifture, 
heat  be  direCtly  applied,  the  effeCt  will  be  pro¬ 
duced.  That  moifture  is  neceffary  in  the  ordi¬ 
nary  heat  of  the  atmofphere  has  been  proved 
by  Mr.  Scheele,  who  dried  the  air  of  a  veflfei 
containing  pyrophorus  fo  effectually,  by  means 
of  quick-lime,  that  the  pyrophorus  remained  in¬ 
active.  The  error  of  Meffrs.  Savigny  and  Mac- 
quer,  in  fuppoflng  that  the  attraction  of  moifture 
was  caufed  by  a  difengaged  concentrated  acid 
has  been  fully  fhewn  by  feveral  chemifts ;  for 
no  fuch  acid  exifts  in  the  pyrophorus,  but  on 
the  contrary,  there  is  a  very  dry  liver  of  fulphur, 

which 
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which  is  equally  attractive  of  rniftfture,  and 
equally  at  ieaft  capable  of  producing  heat  by  the 
union.  For  befides  the  heat  produced  diredtly 
in  confequence  of  the  chemical  union  of  liver 
of  fulphur  with  water,  an  additional  heat  arifes 
from  another  caufe,  viz.  from  the  change  of  the 
flate  of  the  water,  or  its  tranfition  from  fluidity 
to  folidity,  which  takes  place  in  this  inftance.  For 
a  liver  of  fulphur  of  this  kind  Will  imbibe  a  con- 
fiderable  portion  of  water,  and  remain  fcill  dry. 

But  although  the  attraction  of  moifture  may 
be  confidered  as  facilitating  the  operation  of  the 
pyrophorus,  I  cannot  agree  with  Meflrs.  Savig- 
ny  and  Macquer  in  confidering  it  as  the  foie, 
or  principal  caufe  of  the  accenflon.  For,  as  we 
know  from  experiment,  that  pyrophori  will  not 
kindle  in  any  but  pure  air,  or  fluid  containing 
it  j  and  farther,  that  this  pure  air  is  a&ually  ab¬ 
ler  bed  by  them  *  we  feem  to  have  reafon  to  be¬ 
lieve,  that  the  abforption  of  air  by  the  vegetable 
or  animal  inflammable  matter  is  the  immediate 
caufe  of  accenfion  ;  as  indeed  it  leems  to  be  of 
all  other  kinds  of  combuftion.  We  may  be 
warranted,  I  believe,  in  making  one  flep  farther 
towards  the  explanation  of  this  phenomenon,  by 
referring  the  caufe  of  the  production  of  heat  in 
this  inftance  of  abforption  of  air,  to  the  general 
fad  or  law,  which  feems  to  be  now  pretty  well 
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eftablifhed,  namely,  that  heat  is  produced  in  all 
cafes,  in  which  bodies  undergo  a  change  of  con¬ 
dition,  whereby  they  are  made  to  occupy  lefs 
fpace  than  before,  and  elpecially  when  they  pa& 
from  a  fluid  to  a  concrete  ftate. 

In  what  manner  the  plumbum  corneum  in  the 
pyropherus,  I  have  deferibed,  contributes  to  fa¬ 
cilitate  the  accenfion  of  the  inflammable  matter 
of  the .  faw-duft,  which  impregnates  the  lead,  I 
know  not,  unlefs  by  furnifhing  to  this  very  fine 
charcoal,  or  condenfed  vapour  of  the  faw-duft,  a 
proper  receptacle  which  detains  it,  and  gives  it  a 
very  enlarged  furface,  by  which  the  air  may  be 
very  copioufly  applied.  I  have  endeavoured  to 
make  a  fimilar  pyrophorus  by  treating  minium, 
and  cerufs,  in  the  fame  manner,  but  by  no  means 
with  equal  fuccefs.  The  difference  may  perhaps 
be  owing  to  the  much  greater  folidity  of  the  laft 
mentioned  preparations  of  lead,  than  of  the 
plumbum  corneum.  Confequently  they  are  lefs 
capable  of  giving  an  extended  furface,  on  which 
the  inflammable  vapour  of  the  faw-duft  might 
depofite  itfelf. 

I  am,  with  refpe£t  and  efteem, 

Dear  Sir, 

Your  moft  faithful  Friend, 

and  moft  obedient  Servant* 
JAMES  KEIR. 


WINSON-GREEN, 
March  34,  1786. 
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^  Letter  from  Mr.  Thomas  Henry,  F.R.S.  con¬ 
cerning  the  Phlogifton  of  Alkali. 

DEAR  SIR,  Manchejler ,  March  22, 17S6. 

T  RECEIVED  your  obliging  mefTages,  through 
the  hands  of - - - I  do  not  recol¬ 

lect  any  thing  that  has  occurred  to  me,  worthy 
of  communication,  except  you  fhould  deem 
the  following  experiment,  and  the  inferences 
drawn  from  it,  of  fufficient  importance.  But 
fhould  they  appear  to  you  unworthy  of  public 
notice,  I  rely  on  your  friendfhip  to  fupprefs 
them. 

The  difcovery  of  the  identity  of  phlogifton  and 
inflammable  gas  ;  or,  that  inflammable  gas  is 
little  elfe  befides  phlogifton,  fuggefled  to  me  the 
thought  that,  probably,  phlogiflicated  alkali 
might  be  readily  prepared,  by  throwing  ftreams 
of  that  gas  into  a  foiution  of  cauftic  fixed  alkali. 
I  accordingly  filled  the  middle  part  of  a  fmall 
Nooth’s  machine,  the  capacity  of  which  was 
about  half  a  pint,  with  fuch  a  foiution  ;  and  con¬ 
tinued,  for  fome  days,  to  pafs  a  current  of  in¬ 
flammable.  gas,  from  iron  filings  and  vitriolic 
acid,  contained  in  the  lower  part  of  the  machine 
^3  through 
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through  the  liquor.  The  folution  acquired  a 
brownifh  caff,  and  confiderable  quantities  of  gas, 
confined  between  the  middle  and  highefl  com¬ 
partments  of  the  machine,  difappeuned,  though  1 
will  not  fay  they  were  ahforhed  ;  notwithftanding 
the  cauftic  and  alkaline  taffe  of  the  folution  was 
not  impaired,  nor  did  it  acquire  the  property  of 
precipitating  Prufiian  blue,  from  a  folution  of 
martial  vitriol.  The  veffel  being  left  in  a 
window,  after  I  fuppofed  the  difeharge  of  gas 
had  been  finifhed,  the  fun’s  rays  falling  on  it, 
produced  a  frefh  feparation,  and  fo  rarified  it, 
that  the  vefTel  burft  with  a  loud  explofion.  I 
was,  therefore  prevented  from  examining  whether 
the  folution  had  really  ahforbed  any  confiderable 
portion  of  the  gas. 

I  was  at  that  time  unacquainted  with  the 
difeovery  made  by  Mr. Scheele  and  others,  that 
the  matter  which  is  united  to  fixed  alkali,  during 
its  calcination  with  blood,  is  not  pure  phlogiflon, 
but  a  peculiar  acid^  Yet  I  confidered  the  above 
experiment  as  affording  ftrong  caufe  for  fuf- 
picion,  that  mere  phlogiflon  is  not  capable  of 
neutralifing,  or  rendering  mild,  alkaline  fairs; 
and  as  affording  a  probable  anfwer  to  the  argu¬ 
ments  that  have  been  ufed  by  Mr.  Delaval,  in 
his  excellent  paper  on  the  caufe  of  the  permanent 
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colour  of  opake  bodies*,  to  fhew  that  the  power* 
which  fixed  air  pofieffes  of  reducing  alkaline 
falts  to  a  mild  (late,  depends,  not  on  any  acid 
quality,  but  on  the  phlogifton  which  forms  one 
of  its  conftituent  parts.  For  were  this  opinion 
well  founded,  it  might  reafonably  be  expected 
that  inflammable  gas,  which  contains  fo  much 
larger  a  proportion  of  phlogifton  than  is  com¬ 
bined  in  fixed  air,  fhould  be,  at  leaft,  equally 
capable  of  deftroying  the  caufticity  of  alkalis. 

I  am,  with  fincere  efteem. 

Dear  Sir, 

Your  faithful  and  obliged 

Friend,  and  Servant, 

THOMAS  HENRY. 

»  »  •  •  ■  * 
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7.  A  New  Chart  of  History,  containing  a  View  of  the 
principal  Revolutions  of  Empire  that  have  taken  Place  in  the 
World;  with  a  Book  defcribing  it,  containing  an  Epitome  of 
Univerfal  Hiftory,  4th  Edition,  ios.  6d. 
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2.  A  Chart  of  Biography,  with  a  Book  containing  an 
Explanation  of  it,  and  a  Catalogue  of  all  the  Names  inferted  in 
it,  6th  Edition,  very  much  improved,  ios.  6d. 

9-  The  Rudiments  of  English  Grammar,  adapted  to  the 
Ufe  of  Schools,  is.  6d.  bound. 

10.  The  above  Grammar,  with  Notes  and  Obfervations, 
for  the  Ufe  of  thole  who  have  made  fome  Proficiency  in  the 
Language.  The  4th  Edition,  3s.  bound. 

11.  Institutes  of  Natural  and  Revealed  Religion, 
in  two  volumes,  8vo.  2d.  edition,  price  10s.  6d.  in  boards. 

12.  Observations  relating  to  Education  :  more efpecially 
as  it  refpeefis  the  Mind.  To  which  is  added.  An  Efiay  on  a 
Courfe  of  liberal  Education  for  Civil  and  Active  Life,  with  Plans 
of  Leisures  on,  1.  The  Study  of  Hiftory  and  General  Policy. 
2.  The  Hiftory  of  England.  3.  The  Conftitution  and  Laws  of 
England,  4s.  fewed. 

13.  A  Course  of  Lectures  on  Oratory  and  Criticism, 
4to.  ios.  6d.  in  boards. 

14.  An  EBay  on  the  Fi rft  Principles  of  Government,  and  on 
the  Nature  of  Political,  Civil,  and  Religious  Liberty,  2d  Edi¬ 
tion,  much  enlarged,  4s.  fewed.  In  this  Edition  are  introduced 
the  Remarks  on  Church  Authority,  in  Anfwer  to  Dr.  Balguy, 

formerly  p ublijbed feparately . 

ic;.  Forms  of  Prayer,  and  other  Offices,  for  the  Ufe  of  Uni¬ 
tarian  Societies.  Price  3s.  in  boards. 

16.  An  Examination  of  Dr.  Reid’s  Inquiry  into  the  Human 
Mind,  on  the  Principles  of  Common  Senfe,  Dr.  Beattie’s 
E flay  on  the  Nature  and  Immutability  of  Truth,  and  Dr. 
Oswald’s  Appeal  to  Common  Senfe,  in  Behalf  of  Religion, 

2d  Edit.  5s.  fewed. 

17.  Hartley’s  Theory  of  the  Human  Mind,  on  the 
Principle  of  the  AfTociation  of  Ideas,  with  EfTays  relating  to  the 
Subjeft  of  it,  8vo.  5s.  fewed. 
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18.  Disquisi tions  relating  to  Matter  and  Spirit.  To 
which  is  added,  the  Hiitory  of  the  Philofophical  Dodrine  con¬ 
cerning  the  Origin  of  the  Soul,  and  the  Nature  of  Matter ;  with 
its  Influence  on  ChriAianity,  efpecially  with  refpedl  to  the  Doc¬ 
trine  of  the  Pre-exiftence  of  Chrilt.  Alfo  the  Dodrine  of  Phi¬ 
lofophical  Neceffity  illuArated,  the  2d  Edition  enlarged  and  im¬ 
proved,  with  Remarks  on  thofe  who  have  controverted  the  Prin¬ 
ciples  of  them,  2  vols.  ios.  6d.  in  boards. 

19.  A  Free  Discussion  of  the  Doctrines  of  Materi¬ 
alism  and  Philosophical  Necessity,  in  a  Correfpondence 
between  Dr.  Price  and  Dr.  Priestley.  To  which  are  added 
by  Dr.  Priestley,  an  Introduction,  explaining  the  Nature 
of  the  Controverfy,  and  Letters  to  feveral  Writers  who  have 
animadverted  on  his  Difquifltions  relating  to  Matter  and  Spirit, 
or  his  Treadle  on  Neceffity,  8vo.  6s.  iewed. 

20.  A  Defence  of  the  Dodrine  of  Necessity,  in  two  Letters 
to  the  Rev.  Mr.  John  Palmer,  3s. 

21.  A  Letter  to  Jacob  Bryant,  Efq;  in  Defence  of  Philofo¬ 
phical  Neceffity,  is. 

22.  The  Doctrine  of  Di  vine  Influence  on  the  Human 
Mind  confldered,  in  a  Sermon  publifhed  at  the  Requeit  of 
many  Perfons  who  have  oecafionally  heard  it,  is. 

'The  three  preceding  Articles  may  be  properly  bound  up  with  the 
Illuflrations  of  the  Dodrine  of  Philofophical  Neceffity. 

23.  An  History  of  the  Corruptions  of  Christiani¬ 
ty,  with  a  general  Concluflon,  in  two  Parts.  Part  1.  Con¬ 
taining  Conliderations  addreffed  to  Unbelievers,  and  efpecially  to 
Mr.  Gibbon.  Part  2.  Containing  Cor.flderations  addrefied  to 
the  Advocates  for  theprefent  Ellablifliment,  and  efpecially  to 
Eilhop  Hurd,  2  vols.  8vo.  price  12s.  in  boards,  or  14s.  boumSL 

24.  An  History  of  early  Opi nions  concerning  Jesus 

Christ,  compiled  from  Original  Writers  ;  proving  the,!*  the 
1  A  Unitarian,  4  vols.  odavo,  price  1 1  • 


25.  Letters  to  Dr.  Horsley,  Archdeacon  of  St.  Alban’s, 
in  two  Parts,  containing  farther  Evidence  that  the  Primitive 
ChriAian  Church  was  Unitarian,  price  6s. 
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2 6.  A  Reply  to  the  Animadversions  on  the  History  of 
the  Corruptions  of  Christianity,  in  the  Monthly  Review 
for  Jane,  1783  ;  with  Obfervations  relating  to  the  Dodlrine 
of  the  Primitive  Church,  concerning  the  Perl'on  of  Christ, 
Svo,  price  is. 

27.  Remarks  on  the  Monthly  Review  of  the  Letter* 
to  Dr.  Horsley  ;  in  which  the  Rev.  Mr.  Samuel  Badcock, 
the  writer  of  that  Review,  is  called  upon  to  defend  what  he  has 
advanced  in  it,  price  6d. 

28.  Letters  to  a  Philofophical Unbeliever.  Part  1 .  Contain¬ 
ing  an  Examination  of  the  principal  Objeflions  to  the  Dodlrines 
of  Natural  Religion,  and  efpecially  thofe  contained  in  the  Writ¬ 
ings  of  Mr.  Hume,  3s.  fevved. 

29.  Additional  Letters  to  a  Philofophical  Unbeliever, 
in  Anfwer  to  Mr.  WLlliam  Hammon,  is.  6d. 

30.  A  PIarmony  of  the  Evangelists  in  Greek  :  To  which 
are  prefixed  Critical  Dissertations  in  Englifh,  4to.  14s. 
in  boards. 

31.  A  Harmony  of  the  Evangelists  in  Englifi ;  with 
Notes,  and  an  occafional  Paraphrafe  lor  the  Ule  of  the  Un¬ 
learned  ;  to  which  are  prefixed,  Critical  Diflertations,  and  a  Let¬ 
ter  to  the  Bilhop  of  Oli’ory,4to.  15s.  in  boards. 

N.  B.  ''Thofe  who  are  poffeffed  of  the  Greek  Harmony,  may  have  this 
in  Englifh  without  the  Critical  Differtations. 

32.  Three  Letters  to  Dr,  Newcome,  Bifhop  of  Waterford, 
on  the  Duration  of  our  Saviour’s  Miniflry,  3s.  6d. 

33.  A  Free  Address  to  Protestant  Dissenters,  on 

the  Subjedf  of  the  Lord’s  Supper,  3d  Edition,  with  Additions, 
2S.* - N.  B.  The  Additions  to  be  had  alone,  is. 

34.  An  Address  to  Protestant  Dissenters,  on  the 
Subjedt  of  giving  the  Lord’s  Supper  to  Children,  is. 

35.  A  Free  Address  to  Protestant  Dissenters,  on 
the  Subjedl  of  Church  Discipline;  with  a  preliminary  Dif_ 
courfe  concerning  the  Spirit  ofChriflianity,  and  the  Corruptions 
of  it  by  falfe  Notions  of  Religion,  2s.  6d. 

36.  A  Sermon  preached  before  the  Congregation  of  ProtefUnt 
Diffenters  at  Mill  Hill  Chapel,  Leeds,  May  16,  1773 ,  on  Occa- 
fionof  the  Author’s  refigning  his  Pailoral  Office  among  them,  is. 
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37.  A  Sermon  preached  December  31,  1780,  at  the  New 
Meeting-Houfe,  in  Birmingham,  on  undertaking  the  Paftoral 
Office  in  that  Place,  is* 

38.  The  proper  Constitution  of  a  Chriftian  Church  confidered, 
in  a  Sermon  preached  at  Birmingham,  November  3,  1782  ;  to 
which  is  prefixed  a  Difcourfe  relating  to  the  prefent  State  of 
thofe  who  are  called  Rational  Diffenters,  price  is. 

39.  Two  Discourses,  i.  On  Habitual  Devotion. 
2.  On  the  DuTYof  not  Living  to  Ourselves  ;  both  preach¬ 
ed  to  Affemblies  of  Proteilant  Diffenting  Ministers,  and  publiffi- 
ed  at  their  Requeft,  price  is.  6d. 

40.  The  Importance  and  Extent  of  Free  Enqjjiry  in  mat¬ 
ters  of  Religion,  a  Sermon,  preached  Nov.  5, 1785  ;  to  which  are 
added,  Refledlions  on  the  prefent  State  of  Free  Inquiry  in  this 
Country,  and  Animadverfions  on  fome  Paffages  in  Mr.  White’s 
Sermons  at  the  Bampton  Ledtures,  Mr.  Howes’s  Difcourfe  on 
the  Abufe  of  the  Talent  of  Deputation  in  Religion,  and  a 
Pamphlet  entitled  Primitive  Candour,  price  is.  6d. 

41.  A  View  of  the  Principles  and  Conduct  of  the  Pro- 
testant  Dissenters,  with  Refpedl  to  the  Civil  and  Eccle- 
fiallical  Conlfitution  of  England,  2d  Edition,  is.  6d. 

42.  Letters  to  the  Author  of  Remarks  on  federal  late  Publi¬ 
cations  relative  to  the  Dijfenters,  in  a  Letter  to  Dofior  PrieJUeyt  is. 

43.  A  Letter  to  a  L a y  m  a n,  on  the  Subjedl  of  Mr.  Lind- 
fey’s  Propofal  for  a  reformed  Englifh  Church,  on  the  Plan  of 
the  late  Dr.  Samuel  Clarke,  6d. 

N.  B.  The  preceding  nine  Pamphlet,  No.  34  to  42,  may  he  had 
uniformly  bound,  by  giving  orders  for  Dr.  Priellley’s  larger  Trails, 
2  vols.  8vo.  10s. 

44.  A  Catechism  for  Children  and  Young  Perfons ,  3d  Edition, 

3d- 

45.  A  Scripture  Catechism,  confiding  of  a  Series  of 
Queftions ;  with  References  to  the  Scriptures,  indead  of  An- 
fwers,  2d  Edition,  3d. 

46.  Watts’s  Hillorical  Catechifm,  with  Alterations,  price  6d. 

47.  Considerations  for  the  Ufe  of  Young  Men,  and  the 
Parents  of  Young  Men,  2d  Edition,  2d. 
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48.  A  Serious  Address  to  Mailers  of  Families,  with  Forms 
of  Prayer,  2d  Edition,  6d. 

49.  A  Free  Addrefs  to  Proteftant  Diffenters  as  fuch.  By  at 
Diffenter.  A  new  Edition,  enlarged  and  corrected,  is,  6d.  An 
Allowance  is  made  to  thole  who  buy  this  Pamphlet  to  give 

away. 

50.  An  Appeal  to  the  ferious  and  candid  ProfefTors  ofChrif- 
tidnity,  orl  the  following  fubjefts,  viz.  1.  The  Ul'e  of  Reafon 
in  Matters  of  Religion.  2.  The  Power  of  Man  to  do  the  Will  of 
God.  3.  Original  Sin.  4.  Election  and  Reprobation.  5.  The 
Divinity  of  Chrift;  and  6.  Atonement  for  Sin  by  the  Death  of 
Chrift,  a  new  Edition  ;  to  which  is  added,  a  Concife  Hiitory  of 
thofe  Doilrines,  2d. 

51.  The  Triumph  of  Truth;  being  an  Account  of  the 
Trial  of  Mr.  Elwall  for  Herefy  and  Blafphemy,  at  Stafford 
Affixes,  before  Judge  Denton,  2d  Edition,  2d. 

52.  A  Familiar  Illullration  of  certain  Paffages  of  Scripture* 
relating  to  the  fame  Subjedts,  the  2d  Edition,  4d.  or  3s.  6d.  per 
dozen. 

53.  AGeneral  View  of  the  Arguments  for  theUNiTYof 
God,  and  againil  the  Divinity  and  Pre-exiilence  of  Chrill,  from 
Reafon,  from  the  Scriptures,  and  from  Hiitory,  2d  Edition, 
price  2d. 

54.  A  Free  Address  to  thofe  who  have  petitioned  for  the 
Repeal  of  the  late  Ait  of  Parliament  in  favour  of  the  Roman 
CathoIics.  Price  2d.  or  12s.  per  Hundred  to  give  away. 

N.  B.  The  lail  Ten  Trails  may  be  had  all  bound  together ,  by 
giving  Orders  for  Dr.  Priellley’s  fmaller  Trails,  3s.  6d.  or  36s. 
ger  dezen  to  thofe  who  buy  them  to  give  away. 

Alfo  Puhltjhed  under  the  Direction  of  Dr.  Priestley. 

THE  THEOLOGICAL  REPOSITORY: 

Conlilling  of  Original  Effays,  Hints,  Queries,  See.  calculated 

to  promote  Religious  Knowledge,  in  Four  Volumes,  8vo. 

Price  il.  4s.  in  Boards.  This  Work  is  continued,  the  2d 

Humber  of  the  5th  Volume  being  lately  publifhed. 
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